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{utomatic transient analyzer...see page 3 


The Iss PACER 
gives you 56 new 
solenoid air valves 


The Ross PACER is a fine new solenoid valve in the 
and !',,” size range that gives a full flow capacity yet 


uses only 7 watts of holding power. The PACER is built 


for especially long life yet is priced surprisingly low. Capable 
of 1000 cycles per minute and more, is JIC, and very light 
and compact. And if you're interested in large valves the 
PACER has a second identity, that of a pilot section to 
actuate any valve of the Ross Skyline series. It will operate 
any of these valves at top speed and with low power con- 
sumption. 


COMPLETE 
PACER VALVES 


STRAIGHTWAY, N/C 
3-WAY, N/C 
4-WAY 
SKYLINE VALVES USING 
PACER AS ACTUATOR (HEAD) 
STRAIGHTWAY, N/C 


STRAIGHTWAY 


New PACER 
manifolds to 


Save piping 
and wiring 


PIPE SIZES 


Ross manifolds provide a com- 
pact and economical method 
of multiple mounting PACER 
valves. One air supply line and 
one electrical conduit can 
erve all PACER valves. Man 
folds are available in two and 
three stations 


IMoss OPERATING VALVE COMPANY 


114 EAST GOLDEN GATE AVE. 


CIRCLE 201 ON READER SERVICE CARD 


DETROIT 3, MICH. 
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FEATURED: 


THE JOB THAT FLEDGELING ENGINEERS WANT. . 


Spurning sick benefits, students vote for a challenging career 


. J L Seminara 


WHEN YOU NEED A VIBRATOR... F Marich, assistant editor 


With this roundup, author furnishes examples of his own design 


SIMPLER WAY TO SELECT A COMPRESSOR... W A Spraker and R A Stein 
Step-by-step method based on the “adiabatic head” concept 


DESIGNERS SHOULD KNOW PRICING TOO ... Dr AR Oxenfeldt, Columbia Univ 


Your brainchild will have to fit into a marketing program 


DESIGNING WITH REINFORCED PHENOLICS... ME Hull, Hooker Chemical Corp 
How the molded parts can be made to withstand shock loads... . 


TO CHANGE STRAIGHT-LINE DIRECTION . . . F Strasser 


Nine more ways, supplementing 10 described in last week’s issue... 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Hi-temp alloys add vanadium for strength. 


Newest synthetic rubber expected from polypropylene oxide 


“Tired” phosphors? These scientists say yes. “p 
Polyethylene-polypropylene netting available in two widths 


Newly developed bearing lubes good for 1500 F 
For applying 2-phase liquids—spray gun and pump 
Small disk clutch is easily serviced in the field 


Rival to batteries—a low-voltage solid-state power supply. 
Photoelectric pulse device is angle measurer or rate generator 


Panel meter stands up under 100% overload 


Slow-flying airplane in the planning..... 

Ford designing Levacar to replace railroad. . 

Ruling engine (50,000 lines/in.) slides on sapphires 
Valve shuts off car skid in combination braking system 


New high-speed testing devices for plastics and textiles. 
Stress-strain characteristics of wood fibers are revealed 
Rocket engines outgrow thrust-measuring devices.... 


His bubbles fight the sea—new work for air compressors 
US industrial designer takes warning to European industry . 
New science of survival: it’s called Exobiology. 
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RUBBER 
in Design 
Engineering 


CIRCLE 2 ON READER SERVICE CARD 


FITTING THE MATERIAL 
TO THE APPLICATION 


No two rubbers are alike. Be sure that, 
when you design a rubber part, you 
specify precisely the type of rubber 
needed for the job involved. Garlock 
will be glad to offer help, having had 
years of experience in the engineering 
and production of molded and ex- 
truded, die-cut, and metal bonded 
parts: 


Natural Rubber—used where high ten- 
sile strength and resiliency are re- 
quired. Good air-aging properties. 
Resists dilute aqueous solutions. Ap- 
plications include automotive air 
springs, shock mounts, tubing. 


Styrene Butadiene Rubber used where 
resistance to aging is important. Good 
abrasion, water resistance. Readily 
available, low cost. Applications in- 
clude weather stripping, pipe joint 
gaskets, bushings and grommets. 


Nitrile Rubber—-extremely good oil and 
gas resistance . . . low solubility, low 
swelling, good tensile strength, excel- 
lent abrasion resistance. Used up to 
+250° F as oil seals, ‘““O”’ Ring pack- 
ing, oil resistant parts. 

Neoprene Rubber relatively unaffected 
by oxidation, weathering, ozone, sun- 
light, chemicals. Good resistance to 
abrasion, cutting, chipping. Applica- 
tions include bridge pads, flexible 
couplings, spark plug boots. 


Butyl Rubber—outstanding impermea- 
bility to gases, excellent dielectric 
properties, good resistance to tearing 
after aging. Unaffected by weather, 
ozone. Used as hydraulic seals, vibra- 
tion mountings. 


Garlock also offers a complete line of 
specialty rubbers to resist the higher 
temperatures and more reactive fluids 
introduced by modern industry and 
the jet age. 


Further information may be obtained 
from your Garlock representative at 
the nearest of Garlock’s 26 sales 
offices throughout the U.S. and Can- 
ada. Or, write for Catalog AD-167, 
The Garlock Packing Company, Pal- 
myra, N. Y. 

Canadian Div.: The Garlock Packing 
Company of Canada Ltd. 

Plastics Div.: United States Gasket 
Company 

Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded & Extruded 
Rubber, Plastic Products 
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Research on the 
instalment Plan 

In 1800, Sir 
Banks, president of 
Royal Society in London, 
received word that Ales 
sandro Volta would 
mail the society 
describing his | 


trical experiment 


in Como, Italy, compk 


his discourse on Ma 
but because of the 

tween France and 

land, he cut his do 

in tw mailing each half separately 
hoped, at least part of his report 

France to 

ceived the 

June, h 

rived 


th 
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This automatic 
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manual methods 
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transient analyzer lets engineers trou 
voltage distribution in rotating ma 
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happened to the jetty when the first of the cruiser Yankee. This ship had come to grief on a reef 
off Buzzards Bay, Mass. Brasher was put aboard the shiy 


late summer storms struck—within three hours a quarter of 
with his equipment and quickly connected the Yanke¢ 


the jetty had been battered to pieces. This experience 
started young Brasher thinking about a better way to three air compressors to pipes beneath the sea 


The flow of bubbles subdued the 20-ft waves, and 
to that of stopping a ball carrier in a football game,” salvage crew freed the ship. However, the work was wasted, 
for as soon as the Yankee cleared the reef, the damage to 


Brasher explained later, “You can do it by getting in his 
vay, but a far better and easier method is to grab him by her hull prevented her from staying afloat. She sank 


taking with her all Brasher’s data 
During the past 50 years, Brasher has devoted his life 


curb action of waves. “I visualized the problem as similat 


in ankle and upset him.” 
Brasher studied the problem for many years, developing 


the theory that a vertical force was needed to lessen a trying to prove that air compressors (p 4 can calm 


vave’s horizontal drive. The vertical force Brasher elected rough seas. His system has been successfully applied 
tanks, but dozens of times, but never permanently. British engineer 


vas air. He experimented in laboratory wave 
1 rathe at Dover, England have recently been experimenting with 


on found it necessary to test his ideas at se 
than the lab. In 1908, Brasher set up an experimental 
1 at Crotch Island, using a compressor from a local States are still waiting for “concrete results.’ Not too long 
igo, for example, Brasher offered to put in a $60,000 sy 
tem to prevent wave erosion to a New Jersey resort. He 
said he would not accept payment unless his “bubble 
breakwater” did exactly as it was supposed to do. Hi 
proposition was rejected Benedict A Leerburger Jr 


compressed air as a breakwater, but engineers in the United 
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We received an urgent call the other day from the 
sweet-voiced young secretary to an obviously very busy 
man. Had to have a reprint, or at the least the issue dat 
ind page, of an article entitled something like Integral 
Speed Reducers. Well, we'd had a lot on speed reducers 

quarry to supply the air needed. This was fed via 100 ft of some in the integral-hp range. Who was the author? 
tubing to the area beyond the wave’s ‘His name is Eddie Current,” she said. “Sure, sure 


perforated 3-in 
gags. What was his name?” But sh 


breaking point. The size of the waves was reduced, but never mind the 


Brasher had too little time to find a way to measure the wouldn't budge. If there 
Current, would he please get in touch with us at once? 


We've a couple of writing assignments we'd like to discuss 


is an engineer named Eddi 


reduction in shore erosion 
However, while at that Maine island, he received il] 


ym a salvage crew that was trying to refloat the US with him 








COMING NEXT WEEK IN PRODUCT ENGINEERING 


Plating Parts by Peening Them 
Here’s a low-cost way to let a tumbler barrel give a corrosion-resistant coating 
with zinc and other metal powders. 


When You Need Noncircular Gears 
A design guide to most types of such gears. Equations and tables give their 
basic characteristics. 


Technicians—Answer to the Shortage of Engineers 
Where you find them, the jobs they can handle, how well they are trained 


Maximum Compressive Stress for Annular Plates 
Labor-saving charts for thicknesses from 0.1 to 1.0 in. and outer radii from 
1 to 10 in 


Designing a Reinforced-plastics Sphere 
A case history in photos—how to hang a 30-ft globe in air on top of a 45-ft 
building in tornado country; then rotate it (with a hidden drive) at 2 rpm. 
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COMPACT, RELIABLE, VERSATILE... 


this is PaB’s miniature MH relay 


The MH is not a new relay 
As a matter of fact, we’ve been building 


and selling this series for seven or eight years 
Its reliability and exceptional longevity 
have been proved in business machines, air 
borne computers und a host of other produc ts. 

Engineers like its fast action, its small 
size, its light weight. They like the wide 
selection of contact forms up to 18 springs 
g per stac k. DC) as well as the fact MH 
relays can be furnished to switch loads rang- 
ing from dry circuit to over 5 amps at 115 
volts, 60 cycle resistive 

A multiple choice of terminations add to 
the MH'’s versatility. This relay, for example, 
can be adapted for printed circuits, fur- 
nished with taper tabs or a long list of other 
terminals. Get all the facts by calling your 
nearest P&B sales engineer today. 


MH ENGINEERING DATA 
GENERAL Materiel: %" silv 


Breakdown Voltage 
RMS betwee element Load 


Ambient Temperotures 


special orde : COs 
Shock: 30g 


pe Resistance 


Vibration 
A Power 
Weight: 2 
Terminals 
pe ] 
toper tab (AMP 


CONTACTS tut wave 


Arrangements pt ? f Voltages 


The relays below ore variations of the MH relay structure 
Ry 
can ‘ a 


: Sie 


~ 


MA LATCHING * 


e 


MB CONTACTOR MH SEAL-TEMP 
versotile and volts f n-inductive. W e 
with selection ‘ ge f Ay 


Ingements d t ¢ 3 seconds se 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


Gj?) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 


CIRCLE 5 ON READER SERVICE CARD 





Coming up: new bearing lubes for 1500 F 


Solid-film lubricants for controls, gears, bearings and seals—lubricants that hold coefh 
cients of friction below 0.5 at temperatures of 1400 to 1600 F—have been developed 
it Washington State U Div of Industrial Research, reports Dr. E. N. Klemgard of 
the division’s Engineering Research Section. 

With K-78 lubricant, for instance, nickel alloy specimens pretreated with a sodium 
silicate-lead oxide (Pb,O,)-graphite dispersion and cured at 1500 F for 30 min. showed 
a friction coefficient of less than 0.2 at 1400 F, and only 0.215 at 1600 F—actually 
lower than the value obtained in the 200 to 800-F range (0.4 to 0.6 

\ similar reduction at elevated temperatures was charted with a boron-oxide graphite 
lubricant. Here room-temperature coefficient was 0.2, rising almost to 1.0 at 600 to 
1000 F, and then dropping precipitously to less than 0.2 at 1400 | 

Research is continuing—aimed at improving results with materials already tested 
and developing even better lubricant combinations for long-term service for high 
temperatures. Among the most recent developments: solid lubricants that hold the 


friction coefficient at or below 0.3 over the entire 100-F to 1600-F rang: 


Hi-temp alloys add vanadium for strength 


Nickel-base alloys can be “substantially improved” in stress-rupture 
erties at temperatures in the 1800-F to 1900-F range, NASA researchers r 
Ihev find additions of | to 5 \ plus 0.125 to 0.25 >, and 2.5 
rovide materials that have stress-rupture lives at 1800 | 
contrasts with less than 50 hr for the basic alloy (Ni-79 
f the new compositions 1s 
increasing V content in 
illovs ippeal to be good 
rolonged testing in air; and all « 
r, more workable than the basic 


tions accomplished are onh 


Soviets have thermistors for the 400 to 1300-F range 


r outgrowth of USSR 

ia PE—Jan 18, p 7) i ih 
It cannot be used at room t mpcrature Like many related mat 
instance ), it does not become a conductor until heated at least t 


elevated temperatur it rates consideration 


British design controlled-current power supply 


\ low-voltage power supply for dc 
implifiers, exciter lamps in photoelec 
tric devices, and other applications 
“requiring a compact, stabilized dé 
source” has been designed by Allied 
Electronics Ltd, Putney, Eng 

Aimed at applications where bat 
teries are normally used, the unit con 
sists of a germanium junction rectifier 
circuit, a transistor voltage stabilizer, 
ind a reference potential device. Nom 
amps. Stabil 


~ 


inal voltage is 6.3 v at 


line-voltage varia 


itv of output witl 

din L ; DC POWER is mounted on a chassis that's 
tion of +10% is milliv. British 4 by 10% x 6% in., weighs 7% Ib. Allied 
price: about $75 Electronics Ltd makes it 


d 
~ 
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For Hydraulic and Pneumatic Devices 


Nothing rolls like a Bellofram 


Rolling Diaphragm. it’s frictionless! 


The Bellofram Rolling Diaphragm provides ultra- 
sensitive response in hydraulic or pneumatic devices 
where frictionless, long-stroke action in small diam- 
eter configurations is required . . . and where flex 
life of miilions of cycles is necessary. 


These desiderata are achieved through the rolling 
action of a flexible, thin-sidewall diaphragm con- 
sisting of a high-tenacity fabric overlay embedded 
in elastomeric material. 


Fig. I shows how Bellofram Rolling Diaphragm 
conforms to the piston. Fig. II shows how, as the pis- 
ton descends under pressure, the Bellofram Rolling 
Diaphragm rolls off the piston’s sidewall and onto 
the cylinder’s sidewall in a smooth, continuous, fric- 
tionless movement. 


The Bellofram principle can be applied widely in 
actuators, pumps, instruments, seals, accumulators, 
and fluid dampers. 


Which of these advantages are you looking for? 


To the designer confronted with sit- 
uations for which conventional bellows, 
O-rings, or cup packings are inadequate, 
Bellofram Rolling Diaphragm offers a 
constellation of advantages found in no 
other product: 


changes. 


1. Friction-free (low hysteresis). 
2. Ne break-out friction effects. 
3. Neon-porous and leakproof. 
4. Constant area in all piston positions. 
5. Almost infinite flex life 
(millions of cycles). 


SEND FOR FREE LITERATURE 


Bellotram Rolling Diaphragms are protected by U.S.A. and foreign patents 


ellofram 


@® Registered trade mark U. S. A. and foreign countries. 


Burlington, Mass BRowning 2-2100 Mission 3-9000 
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. Sensitivity to extremely small pressure 


-. Ne mechanical spring grodient 

. Compatibility with practically all 
environmental gases or fivids. 

. Automatic de-icing action 
Free positioning with complete 
relaxation at any point in the stroke 

. Does not require close machine finish 
tolerances on pistons and cylinders. 

. Freedom from abrasive wear. 

. One hundred stock sizes. Four mount- 


ing configurations. Special types and 
sizes designed to order. 

. Excellent temperature stability from 
—B85°F. to 550°F. (from —120°F. to 
700°F. in some cases). Wide range of 
working pressures: 1 inch HO te 500 
psi (up te 1200 psi in some cases). 
Effective pressure areas from .028 to 
108 square inches. Cylinder bore 
diameters from .25 to 12 inches. 
Extended range of stroke (.01 te 
12 inches). 








Bellofram Corporation, 2! Blanchard Rd., Burlington, Mass 
Please 

Name 

Position 

Company 

Street City 


I am interested in (state application 
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continued 


New rubber on the way 


Synthetic rubber made from polypropylene oxide is a “likely prospect’ for commercial 
development, says Prof C. C. Price of U of Penna. Discovery of catalyst systems for 
producing ordered (isotactic) crystalline structures “makes possible the simple, practical 
preparation of very high molecular-weight polymers” which can be crosslinked to form 
rubberlike materials 

[he same catalyst systems also help convert polyphenylene compounds into mate- 
rials with interesting fiber-forming and film-forming properties; and these, he says, 
show promise of having high thermal stability. 

Such compounds are under study by several companies both here and abroad, although 
none appear to have reached the stage of commercial production. 


More strength for stainless 


Che effect of surface treatments in increasing the break-resistance of some high-tensile 
materials is emphasized by a recent report from Southern Research Institute. In 
studies there of stainless steel wire for aircraft tow lines, increases as great as 37% 
in ultimate tensile strength were recorded for electropolished wire as compared to the 
same material as drawn. In one case, for instance, the original wire, 0.0495 in. dia, 
showed a unit strength of 276,000 psi. After reduction in dia to 0.023 in. by electro- 
polishing, its ultimate tensile strength was 374,000 psi. 

Surprisingly, the same treatment seemed to have little or no effect on carbon steel 


re of approximately the same size and type. 


Metals can make metals burn 


Alloving may incr eptib of zi ignitior rgonne National Labora 
torv researchers report 


} 


1 kinetics of this active metal, they found ignition was inde- 


In studies of oxidatior 
pendent of pressure, and burning proceeded according to the cubic-rate law over the 
full temperature range from ignition to 1650 F. 

But when such alloving elements as Ti, V. and Sn are added to zirconium—even 
n fractional percentages—the picture changes considerably In most cases, burning 
no longer follows the cubic-rate law; and ignition temperatures—in both oxygen and 
air—drop as much as 100 degrees. Of 20 alloving elements tested, only Ni, Cu, Be 
ind Hf seemed to avoid this adverse effect 

he oxidation curves for the other allovs show a distinct transition or “breakaway 
point at which the log plot—of oxygen consumed, against time in minutes—turn: 
harply upward lhe breakaway seems most pronounced with those additives which 
most seriously affect ignition rate 

rhe explanation? The researchers note that pure Zr quickly acquires an xtremely 
protective” oxide coating when heated in an atmosphere of flowing oxygen. Ignition 
does not occur, even at temperatures above 2300 F under these conditions. Apparently 
the additives interfere with formation of this protective film or alter its character so 
that ignition occurs more readily and burning proceeds faster after a critical tempera 
ture is reached 

Argonne has prepared two r ports on this work (ANL-5974 and 6046), to be available 
from OTS, De pt of Commerce, Washington 25, DC. 


Better carbide parts for structural use 


[Improved fabrication methods are expanding the structural applications for silicon 


irbide, says Carborundum Co. It product list now includes valves, tubes, nozzle 


“Ld 


lades and bearing seals for heat exchangers, sprayers, pumps, motors and stators 
Relatively complex shapes can be held to 0.010 in. as-pressed and ground to +0.002, 
with a 35-microin finish. Furthermore, the material can be supplied in a structure 
dense enough to prevent leakage through tubing walls 4 in. thick at 4500-psig hydraulic 
pressure; and to provide 4-in. tubing that is gastight to helium at temperatures to 2500 F 


it 15 psig —ARG 
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Devices that speed a ft/sec, and records the results fatigue accelerates wi 
° ‘ otogré “ally. quency. At 2 mcp loss of 10 to 
high-speed testing Photographics! ) 


ee 


No plans have yet been made for 25% in light output within 
A new family of testing devices is commercializing the machines. At 30 min. 

being developed by Fabric Research present, they simply represent an ef 

Laboratories, Dedham, Mass,—spe fort to meet the needs of FRL’s cur- Polymers as semiconductors? 

cifically for testing plastics and tex rent projects. Organic resins and plastics can be 


tiles, but with much broader poten made to exhibit true semiconducting 
tial application. The aim: to study “Tired” phosphors? properties—just like germanium and 


the stress-strain behavior Th . . “ “ul silicon—savs Soviet Academician 
ese scientists sa © 
sts s y yes Alexander ‘Topchiey By subjecting 


at higher than normal rate g 
ing—to 2000 ft/sec Evidence that electroluminescent icrylic resins to ionizing radiation (on 


One, developed jointly with Cela phosphors exhibit fatigue characteri e order +5 mullion roentgens 


nese Corp xerts a pull—pneumati tics under constant operation was pr i ible electr llv conductir 
cally—on the test fiber while a piezo ented by S. Nudelman and J. Mudar 
electric-force transducer puts out a ¥ U of Mich at the recent American 


proportional, measurable signal that Physical Society meeting. This might VD now under the Insti 


picked up lisplayed o1 scil put a caution sign on some prope t Ser nd rs in Leningrad 
loscope, permitti1 i] n of a ipplications for this new lighting tech hi ot the ime semicon 
tress-stran low nique (PE—Sep 15, °58, p 74 

loading ra man Surprisingly, mechanical 

times that Dtain ( vith yn test cells restored prope 


tional electronic strain machines and me extent, though the benefit 


{ 
other testing device eased as the action was repeated 
Another Ihe fatigue effect beet 
t cq 1iencic t 
vith applied voltag 


ind at te 


liquid nitrog 





New light on the 
oldest engineering material 
Ts q l ets boot 


; ; ; 


t at Washington State U to deter 


of individual wood fibers 
I ties of prod 
mong 


them, 


r engineering 


ivs tests have 
id-deformation 
the “early” fi- 

in general, 

ir) and have un 

vered mit ) | ( ' between stress ind 

train which indica poss electric 
characteristi I similarities between 
wood and texti ibers, pointing out that manv tests de 
veloped for thes I other { I ee above should be 
ipplicable to wor 

As to specific resul rly-wood spruce and cypres 
fibers showed average tensile strengths of 70.000 to 80.000 WOOD FIBERS get load-deformation test in this machine 
at Washington State. Late-wood fibers show proportional 
limit nearly twice that of early wood; and differences 
between early and late wood are often considerably greater 
UUU; proportional limits 58,000 to 73,000 ARG than variation between tree types 


psi; proportional limits in the 40,000 to 50,000 range. For 


late wood, average tensile strengths were 82,000 to 144 
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Tough tape of MYLAR’ cuts 
cable costs ...reduces size, weight 


Can the unique combination of properties found in “Mylar” help solve your design problems? 


Tensile strength of 20,000 psi.. 
Bowling-ball test offers dramatic proof 
he amazing strength and toughness 
M ylar”’ polyester film 


“‘Mylar’’* polyester film is a tough, flexi 


ble engineering material. Used as a core 
binder tape for electric cable, ‘““Mylar’’ 
prevents sharp braid wires from punc 
turing the primary insulation during cable 
manufacture. Replacing heavier, thicker 
““Mylar’’ re 
duces size, weight, cost of cable 

In addition to its average tensilestrength 
of 20,000 psi, ““Mylar’’ has excellent re 
sistance to most chemicals and moisture, 
a dielectric strength of 4,000 volts per mil 
for 1 mil film, and can withstand temper- 
60° to 150°C. 


materials formerly used, 


ature extremes from 


On an area basis, tough, thin ““Mylar’’ 


often < osts less than heavy ier, conventional 


‘Mylar can be 


embossed and metalized 


materials laminated 
punched or 
coated. The film won’t become embrittled 
with age. ““Mylar’’ is available in roll 
or sheet form in a wide range of gauges 

Find out how the combination of prop 
erties in “‘Mylar’’ can help you solve 
knotty design problems, improve prod 


Write to 
day for our new booklet containing de 


uct performance or cut costs 


tailed information on properties and ap 
plications. E. I. du Pont de Nemours & 
Co. (Inc.), Film Dept., Room P-3, W 


mington 98, Delaware. 


** Mylar” is Du Pont’s registered trademark for its brand of polyester film 


*f6.u. 5. par orf 
BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 
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DU PONT 


MYLAR 


POLYESTER FILM 
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MOST ACCURATE OF ALL MECHANICAL VARI- 
ABLE SPEED DRIVES. Turning P.I.V. control 
screw varies effective diameters of two sets of 
conical grooved wheels—spreading one set, clos- 
ing the other. Self-tooth-forming chain auto- 
matically adjusts to provide desired ratio between 
input and output shafts, providing accurate 
transmission of power on this fabric coater, 


Or positive, intinitely variable speed control 


... there’s nothing like P.I.V. 


Here’s a variable speed drive that is truly unique. Unlike 
conventional designs, Link-Belt P.I.V. with its all-metal 
chain drive is not dependent on friction for transmitting = 


powel J he 
P.1.V. permits fast, easy speed changing too. You can 40 » 
select any speed in its range—find it instantly, hold it i mabe -B » 
indefinitely. No bother stopping the drive. \ Y 
Because Link-Belt P.I.V. (Positive, Infinitely Variable) Lo 
drives are fully enclosed, atmospheric conditions can’t : 
. . es VAR AE - \ 


affect their efficiency. They're made in 8 sizes, 16 standard 
types. Ask your nearest Link-Belt office for Book 2274. 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, ( hicago 1 To Serve Industry There Are Link-Belt Pla 
Offices in All Principal Cities Export Office, New York 7 Australia, Marrickville (Sydney); Brazil, Sao Paulo 
South Africa, Springs. Representatives Throughout the World 
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FROM WASHINGTON ... 


Slow-flying airplane in the planning 
rhe Air Force has plans for a new airplane. The secret project—dubbed Drome 
dary—is still in the study stage. But Air Force planners say the plane may become 
the bomber of the future. The Rand Corp is directing the study, with reports 
that Boeing and Northrop are involved. 


To be a long-endurance, slow-flying craft, the plane’s main purpose would be 
to serve as a launching platform for ballistic missiles. Predictions, as of now, 
are that the plane could be kept in the air for as much as 10 days without refueling. 


Endurance would come from using a perforated “laminar-flow” wing to reduce 
drag and thus cut fuel requirements. Air Force spokesmen are openly optimistic 
about the possibilities of the craft. It could be built, they say, with conventional 
components and not need any startling breakthroughs in technology to be successful. 
Power would come from conventional jet engines burning existing fuels 


Cost of the airplane would be relatively cheap compared to the B-70 bomber 
and nuclear planes under development. As such, the service's top brass thinks 
it could sell the Dept of Defense and Congress on the program. Results of the 
study won't be complete for several months, most likely not in time to go to 


Congress for additional money this veat 


Rocket engines outgrow thrust-measuring devices 
Chrust measurement of the big superbooster rocket engines is a problem And 
it is increasing as development of the larger boosters goes on. Right now, for 
example, the highest thrust that can be measured on a direct deadweight basis 
is 111,000 Ib. But rocket engines for the Atlas and Titan ICBM missiles already 
surpass that. And boosters under development are in the 1-million-Ib thrust class. 


his is one reason for the Bureau of Standard’s rush to build its 1-million-Ib 
deadweight machine. Virtually all of the rocket engines used in space experiments 
today must be thrust-tested with indirect load cells. After almost all shoots from 
Cape Canaveral, these load cells are flown back to the Bureau of Standards for an 
wccuracy check. ‘The reason, particularly in the case of firing failures, is to sec 


if the engines were actually producing the thrust they were programmed for 


Inaccurate thrust measurements cut down on payloads carried and can mean 
success or failure for experiments. For the 1.5-millionlb thrust Nova rocket 
booster that will be used for deep space experiments, present facilities can only 
measure its thrust to 0.10% (he rocket developers, however, need this refined 
to 0.05% accurate he Bureau of Standards, meanwhile, expects to have its new 


calibration facilities completed by the time the Nova rocket is developed 


Air Force anxious to launch missile-alarm system 
\ top-level decision is in the making now to start the first operational satellite 
system. ‘The Air Force is plugging hard to win Dept of Defens¢ approval to launch 


a series of Midas (missile identification detection and alarm system) satellites 


I'he satellite uses an infrared system to spot missiles as soon as they are fired. 
\ir Force claims the system has been developed sufficiently to put it into operation 
and that it will double the warning time for the US if the Russians launch a 
missile attack. Right now, ou present warning system will give only a 15-min 
notice of incoming missiles. Air Force says Midas will increase this to 30 min 


Cost of the system may be a deterring factor; a decision is expected shortly 
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INSTRUMENT 


BALL BEARINGS 


By RICHARD E. AMIDON, Staff Engineer, Production Engineering Depar!ment 
New Hampshire Ball Bearings, Inc. 


Roundness of instrument ball bearings is a variable not covered 
by ABEC standards. Yet, it is an important factor in running 
quality. Since it is a very difficult variable to measure, except 
with costly equipment, most users must accept roundness 
on faith. 

“equidistance of all points on a 
To measure roundness of 
you must establish its 


Roundness can be defined as 
curved surface from a fixed center” 
a ball bearing component, therefore, 
center and radius. However, since its center is not accessible 
as a point of reference, you must establish an “‘artificial’’ center. 
The closer the assumed or artificial center is to the actual center 
the more accurate a given method of roundness measurement 
will be. 

What you’re really measuring is out-of-roundness, or deviation 
from a true circle. Such deviations are called lobing. There are 
three common ways of measuring out-of-roundness. 


THE TWO-POINT METHOD 

Most widely used of all measuring techniques is the method of 
measuring various diameters between two anvils as in a mi- 
crometer or two-point gage. The difference between the largest 
and smallest diameter is out-of-roundness. This method is 
accurate only if there is an even number of lobes of equal height 
and symmetrical spacing. Notice in the accompanying sketch of 
a three-lobed shape, all three diameters are equal... and the 
two-point method would indicate perfect roundness. 


THE THREE-POINT METHOD 
When an odd number of lobes exists, a three-point gage can 
be used to measure out-of-roundness. Variations are measured 


4~\1 


ens 


Nei 
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by rotating the part between two fixed points at a known angle 
with each other and a movable point connected to an indicator 
This method, which calls for calculations to convert indicator 
readings to true-out-of-roundness, is accurate only when the 
number of lobes is known and they are symmetrically spaced 


and equal in height. 


ELECTRONIC GAGING 
Fortunately for you, 
mentation has been rec 
developed which measure 
of-roundness directly as 
variation with accuracy 
several ) of an 
The part to be 
chuck-mounted to a precision 
rotated. An 
electronic gage head translates 


measured is 
spindle and slowly 


radial surface variations into a 
polar chart trace with deviations 
POLAR CHART TRACE magnified as much as 10,000 
times. Comparison of the char 


nown radii reveals absolute 
» Ball Bearings, Inc 


trace with concentric circles of 
deviation from a true circle. New Hampshire 


was the first to use this instrument as a quality control tool in 


production line. t 


Other instrumenta- 
running quality of New Hampshire 


the laboratory and on the 
tion used to assure the 
Bearings is described in our new Design and Purchasing 
Manual. 


NEW DESIGN MANUAL 
Newly revised and expanded, this authorit: 
covers everything you need to know al 
1 buying miniature and instrumer 
= Comprehensive general informat 
and engineering bullet 
100-plus pages. Personally register ypies are 
available to qualified engineers, draftsmen and 
purchasing agents. Please se1 r request on 
your company letterhead 


NEw 
BALL BEARINGS, INC. 


PETERBOROUGH, N. H. 
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Chico air purifiers are made by 
Chico General Products Corpora- 
tion, Burlingame, Cal. Penn Metal 
Company's distributor, Tayler 
Products Corporation, supplied 
the expanded metol. 


CRYSTAL 








see_PENDANT 


Why new Multimesh 
is a favorite with designers 


In the variety of those new expanded metal patterns you have 

the reason why so many designers are specifying Penmetal Multimesh*. 
Working with any of these versatile meshes, it is easy to translate 
design ideas into reality. The result can be as distinctively 

handsome as this grille for the Chico air purifier. 


Functionally, Multimesh is equally beneficial. It has the 


strength to withstand the abuse of every day use; the rigidity to 
span large areas in an unbroken sweep. What's more, the 
open mesh permits efficient passage of air. 


Multimesh comes in both carbon steel and aluminum, in a 
number of different strand thicknesses. Can be readily cut, 
shaped and welded. For the full story, send for catalog 516-EM. 


PENN METAL COMPANY, INC. 


Expanded Metal Sales Office: P.O. Box 1460, Parkersburg, W. Va. 
Executive Offices: 40 Central Street, Boston 9, Mass. 
Plant: Parkersburg, W. Va. 
District Sales Offices: Boston, New York, Philadelphia, Pittsburgh, Chicago, Detroit, Dallas, 
Little Rock, Seattle, San Francisco, Los Angeles, Parkersburg, St. Lovis 


"All designs patented a name to remember 
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US Designer Carries Survival 
Warning to European Industry 


Peter Muller-Munk, eminent US industrial designer, is beginning a series 
of seminars throughout Europe, aimed at giving European industrialists 
the background they need to meet the challenge of the new mass markets. 
His tour is sponsored by the Organization for European Economic Co- 
operation. Before leaving, Mr. Muller-Munk gave Product Engineering a 


preview of his frank message 


New York 
the indi 
tariffs vanish 
But, the Am« 
i\ ! u i r re nanutacture 
\luller-Munk | beginnings t convenient 
chices Now 
condition 
ign the pI 
Many firms w 
thers will profi 
Another les 
that “industrial 
ponsibk t 


mn pany 


r cngimecring 
me other 
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c many fi 
ne produ t 
A i] hea 
nsumer good 
Swiss milling 
thnilling. Ea 
clustrial desig I ini 1 find a ‘ right down to th 
n Scandinavia and u \ ve. Buta 
large, this is at n ) uidance 


hannels 


hieve best 


rc consume! 
tions need the 

Europe 

1] create mldall 

xlucts itt 

exampk 
ioving north 
ndustrial cent 
hese migtal 
istomed 
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But 


Nlunk 
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ninars, and advised 
of the impending 
seminars are being finan 


OEEC funds, 


from an 


which are 

innual assessment 
nations 

The audiences will be drawn fi 

top ranks of industrial managem 

Some university personnel may 

present. If so, the seminars « 


ceivably stir 


ould « 
enough interest t 


; 


design courses at the universities 


Will Space Knowledge 
Help Design Engineers? 


New Yorx—lIs design work in th 
fields t spa vehicles 
g to have 


ducts? The 


this and many other engineering prob 


inswer t 


} 


lem nay ve 


inswered by 35 design 
ties at the forthcoming ASMI 
Design Engineering Conference at th 
NY Coliseum, May 23-2¢ I 
the 4-day conference, approximat 
400 nationally 
exhibit at the Design Engineer 
Show, produced by ( lapp & Pol 


: 
New York exposition managemet 


wuthori 


ky " my ; 1] 
Known companies Wil 


of the conference N 
in Engineering Desig 
et by the opening-day 
inding design authorities 
ind atomic field. They 
Hugh L. Dryden, Nationa 
ind Space Administration 


Arthur R. Kantrowitz A 


rett Research Laboratory: William 


Gall, Oak Ridge National Labora 

Varick D. Schwartz, Combustior 
George P. Sutton 
Projects Ag 


neering In 


R sCal h 
P. Wheaton, Doug] 


final day 
blems of « 
which Ti 
ng problem 
peration, and t 


onnel. Experts from Si 


0 W orthineton. 


General Moto: 


parti ipat 


trent sessions on ‘Tuesda 

ind Wednesday will consider reliabil 

t ontrol systems, fabrication, high 
nd « mposite mate 


tems, and 


i1utomation. @ 


Ford Designing Levacar 
as Replacement for RR 


] ; ; 


Ford’s well-known Levacat diameter to achieve | 


vceds envisioned 
| 


It will also 


DerTrRor! 
project PI 


shows 


>> } 


15 °59, p 23 is practical for the vehick 


June 


signs of becoming reality mean building prototypes that can 


with the announcement of plans to carry a payload 
Wingless 11] 


ently fall 


idapt it for operation on rails of con supported 


nN Che 


for this air-supported 


ventional des ultimate aim within three 


vehicle ; to e lifted by reaction t 
provide public transportation at 200 pported by a blanket 


500 mph between so-called “Golden d those, like the 


ot high pressure 


Levacar, 
Triangle” areas such as Washington r n a thin film 
Pittsburgh and New York, or Cleve- MI e first group includes VTOI 
land, Detroit and Chicago uir-cushion 


lravelers between these points 


ith marginal conventional the third 
or the ilternative ot 
hour on either end of 
flight by air. This latter 
of cours 
airports in 


fact that 
} 


maintain sche 


issume¢ goo 


within 90 of maximum Capa 


lends substance to Ford’s ap 
proach. Bad weather or equipment 


trouble can add hours to current a 


project engineer Dar 


t though 


1 full-scale liti ising 
n highwa 


O approve 
int expenditure for meridiat 


Levacar proving ground. It will in 


lude I l ghh 10 


miles n ! I Numer 


Rails to Guide Levacar 


Here’s one of the “levapads” on which Ford Motor Co‘s Levacar rides. When 
vehicle is in motion, levapads hold car a fraction of an inch away from top 
and sides of the rail, permitting it to slide on a thin film of air at speeds from 
200 to 500 mph. The first experimental Levacar rails for 
can attain speeds of 20 mph on a 30-ft dia circular track 


designed to use 


guidance 
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major railroads and welcomes more 
ware by now 
that railroads have all but written off 
the possibility of profit from conven 
tional trafic, there still 
interest in a dramatic 


revival via a breakthrough such as the 


Although travelers are 


passenger 
seems to be 


Levacat 
Although 
first installation could be 


strictly speculation, the 
outside this 
country. One possible project is pro 
viding rapid transit in Brazil between 
Rio de Janeiro and Brasilia, the new 
capit il city being built some 600 miles 
Montreal 
Both instances 
government hnancing 

he ultimate 


is a 40-passenger 


away. Another is linking 


Quebec and Toronto 
x 

involve 
Levacar is envisioned 
vehicle that weighs 
less per passenger carried than an ait 
craft 


28,000 Ib, requiring 


Gross weight would run around 
700 hp for levita 
l'o propel it at 100 mph would 
40 more h 


Jay "'s « 


hon 


require only sepowe;r, ac 

How 
ever, propulsion horsepower increases 
by the cube of the 


speed of 400 mph would require 3260 
| | 


cording to 
velocity, so a 
hp for both propulsion and levitation 


Nevertheless 
well within the capabilities 


power requirements ar 

of existing 

commercially available gas turbines 
Ihe free-piston « 

seemed attractive becaus read 

ivailable, 


this, 


excess compress ur. But 
according to Jay touchy 
design. Ga irbines are 
favored because it 

to design in Oversize ¢ mipre ssor and 
bleed it 
Ford’s name for the 


unproved 
currently 
to operate the Levapad 

running surface 
failut 
and consequent loss of air support, i 
seriou Vhe 
would merely set down on its pad and 
kid to a stop leulati 


in less distance 


Ihe possibility of power 


not considered vehicl 


ind, Ca ns show 


than that required b 
1 conventional train. The cold-steel 


prevent disin 


ration 


rails would 
the pads 
Progressing from the toy scooter 
powered by a stationar 
to the 


volved 


ympress 


designs envisioned today, 


solving serious vibration p1 
These I t 


lems are the subjects of patent 
pending, but Jay says that 


primarily a matter of the shape of 


pads © 


] 
] 


His group developed a 


method of calculation that eliminated 


much of the trial and error in locatin 
the air outlets in the contours the 


pad Don MacDonald 
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Build-it-yourself Helicopter 


Powered by a modified 60-hp Mercury outboard engine, the Benson Aircraft 
Corp's “Little Zipster’ cruises at 60 mph and has a 100-mi range at 700-lb 
gross weight Useful load is 250 Ibs It's priced for export at $6995, FOB 
factory. Basic construction drawings sell for $5. Airframe consists essentially 
of three straight tubes bolted together for quick assembly and disassembly. No 
welding or brazing is used in the primary structure. Last stage of the trans 
Except 
for high-strength AN aircraft bolts, all other materials are of commercial quality 


mission is a chain-and-sorocket drive—similar to that in a motorcycle 


Stronger Al-Mg Alloys with New Tempering 


PirTspuRGH—Streng 
vf the iluminun 
used in highly str 


ing from boat hu 


ICs have pecn 
tempering proce 
oa, the proc 


new tempers 
Minimum Propert »s for 


Temper 
Elong 





ONE-PIECE SHAPES REPLACE COSTLY ASSEMBLIES when Republic Cold 
Drawn Special Section Bars formed to the predominating cross section of 
the part are used. Completed parts are stronger, longer wearing, and 

ess. Republic Special Sections simplify built-up, interlocking, or 


sted parts are available in carbon, alloy, and stainless steels 
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SIMPLIFIED TUBULAR PARTS PRODUCTION results from use of Republic 
ELECTRUNITE” Mechanical Tubing. With uniform wall thickness, concen 
tricity, strength, and ductility, ELECTRUNITE Round Mechanical Tubing is 


easily flanged, swaged, flattened, spun, fluted, configured, rolled, upse 


and otherwise changed in cross section. Mail coupon 





aaah 


SOLVING THE PROBLEM 


Alloy steel starter drive 
pinion withstands severe 
ee torque, impact, wear 


One of the largest manufacturers of automobile 
starter drives specifies Republic Cold Drawn Alloy 
Steel Bars for their most critical component—the 
drive pinion. 

Following delivery, the cold finished alloy bars are 
blanked, hobbed, chamfered, and drilled. Teeth are 
cut on a gear hobber, then pointed for easy meshing 
with the flywheel. 

Use of Republic Alloy Steel provides the necessary 
strength and toughness to withstand torque, impact, 
and prolonged wear. In addition, the cold drawn 
alloy used provides better machinability at reason- 
able cost. 

Republic field metallurgists will work closely with 
your metallurgists and engineers. 3-Dimensional 


> . 
. . 
*t#eeeeeet® 


Metallurgical Teams, comprised of field, mill, and 
laboratory metallurgists, will help you select, apply, 
and process the right alloy steel for any application. 
Write today or mail the coupon for complete informa- 
tion—without obligation—on this confidential service. 


ik 


REPUBLIC STEEL 


Worlds Whales kauge 
on Stiudard, Stobs avid, SO0k. Produ 


REPUBLIC STEEL CORPORATION 
DEPT. PE-8187-A 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Send more information on 


] Cold Finished Stainless Stee! Bars 


]) Cold Finished Alloy Steel Bars 0) Special Bar Sections 


(1) 3-Dimensional Metallurgical Teams 


O ELECTRUNITE Mechanical Tubing 


a . — Title 
HIGH PRESSURE FITTINGS—sockets, nipples, flanges, elbows, and swivel 
nuts—to handle missile and aircraft fuels are produced by Resistofiex 
Corporation, Roseland, New Jersey. Fittings are machined from %” and Address 
2” diameter Republic Stainless Steel Bars to assure maximum strength, 


Company_____ 


corrosion-resistance, and machinability. + ae Zone State___ 
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sacrihcing the high-strength properties 
obtained by cold working 

In the new H323 temper, alloy 
5456 now exihibits a 4 increase in 
minimum tensile strength over any pre 
Minimum 


properties are indicated by the accom 


p 17 a 


ilthough 


‘ ] ‘ ] ] 
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maximum assurance of 


stress corrosion. without panving table 


New Insulation Highlights Patent Show 


W ASHIN« S na US Insulation Corp of Carson Cit 
nearly stole the show wit 
K insulation The m 
f disintegrated news] I 
vith boric acid lo demonstrate it 
heat-resistant properties, company ofh 
ials seared a handful with the 4000 
F temperature of a Presto-o-lite torch 


When the 


vas not nough residual heat in 


torch was removed, ther 


the mater 1 match 


; 


In addition 1 resisting hea 
(hermo-K is guaranteed by its manu 
facturer not to pack or deteriorate It 
weighs approximately 75 less than 


insulators and is compet 


mmpetng 
tive in price, the company says 

Although initially at th 
home-building market, the insulation 
d to have applications in 
industries A Los Angel 


1 process that 


aimed 


DEMONSTRATING HEAT RESIST- 
ANCE of new insulating material hers IS Expect 
| Toce executive vice-presi 
Insulation Corp. He's melt nventor is working on 
on handful of the material 
paper ok —o Id adapt it to an automobile e 


wou 


lled Thermo-K, which 
affected by “at. Looking on is Philip 
A. Ray, Under Secretary of Commerce 


remains un . 
haust control device. Steel compani 


interest in it 
US Insula 


po sibility 


have reportedh shown 
for fabrication purpos 
tion, itself, i 
ipplication in truck trailers 
Although the original 


ranted 11 years 


exploring 
coal ag 
paten I 
material was g 
production plant 
this Januar 


Nanning 


OTHER FIRMS EXHIBITING 
exhibitor it 
National L« 
ind | ood Ma 
Another 


mg the other 
vere DuPont 
& ‘Thermit ¢ rp 
& Chemical Corp 
i] American I 

cited the worldwide us« 
Kanigen pro s for 


metals wi nick iS 


chemically 
g in exampl 
the benefits of protection offere 
the patent system 

[he patent office has issued nearly 
since it wa 
An estimated 


being r 


three million patents 


founded in July 1790 
50 patent applications are 
ed each working day, the agen 
reports ™ 


Mitey Mike Records 
Jet Noise 


tip of this tiny device (less than 
) is a microphone about the 

a letter of type printed on this 

It is used by scientists at Massa 
Institute of Technology to 
study noise of jet aircraft and rockets 
Streams of air ars n at known tem 
peratures and pressures, then micro 


phone is used to pick up additional 
instability 
National 


Administratior 


caused by flow 


sounds 
Study 


sponsored by the 


Aeronautics and Space 


Soviets Spur French 
Machine-toolProduction 


Automatic 


PARIS 


new lathe 


| 
duced as a result of 
soviet machin 
mpany 
concluded 
machine t 
in invasion Oo 
t Soviet tool 
company 
rat pite thi step] 
of copying lathe it 
Western Europe 
A to go before mat y 
soviet production of machine tools. & 
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Money Lures Engineers to Industry Jobs 


ANN ArsBor, Micu—Monevy is_ the dissatisfaction with teaching loads better vacations 


el allowance 


main—but t only—reason engi onerous administrative details; and pet Though tangibl 


neering teachers leave college for in onal gripes against the college or its industry now outweigh the intangibles 


\ 4 S 


position Vhis statement by idministration f teaching, 195 said they hoped even 


A. R. Hellwarth, assistant dean of the But for 116 of those queried, in ually to return to campus after gain 


Univ of Michigan College come and fringe benefits of industry ing practical experience or a financial 


dustrial 


‘ 


neering, is based on a survey o were deciding factors. ‘Their annual vacklog. The appeal of campus, these 


teachers from 77 lleges, ilary had averaged $5800 in teaching engineers say, th itistaction of! 


} 


switched to industry or $7650 with summer jobs and con teaching and the feeling that one 


ulting fees added. During their first d r something of value for the so 


TEACHERS’ PET GRIPES vear in industry, these engineers ave! ciety he serves,” and “academic free- 


Aside from salaries, primary com iwed $9500. doms and time freedoms of the 
plaints of the former teachers were: On fringe benefits, they compared campus.” . 


Test Tortures Tires 


It’s hell on wheels when Goodyear Tire & Rubber Co's $2- wheel. Second unit of the test system consists of a fly- 
million multi-stage dynamometer test goes to work on jet wheel, 10 ft dia, with a tire carriage on each side 
aircraft and racing-car tires. In this new “tire-on-tire” test used primarily for testing aircraft tires, and is capable 
facility, two tires are pressed together, tread to tread, to i eving surface speeds of 320 mph in Ik 

duplicate actual load conditions. Tires are then driven ‘lywheel st can accommodate loads of 

at surface speeds exceeding 500 mph. Tire at left, which l 

survived, shows strain impo t arcass and tread 

Tire at right is leaving i i i ‘ yaws from the 


PRODUCT ENGINEERING + MARCH 7, 1960 





LOCKHEED@AIRCRAFT CORPORATI 
M'SSILEC ANDe5PACE DIVISI@.1 # 


Paragon-Revolute introduces a great 
new concept in reduced size reproduction . . 


RETRIEVABLE 
MINIATURIZATION 


The Paragon-Revolute Continuous 
Reducing Printer is the heart of Re 
trievable Miniaturization. Really a 
giant movie camera, it takes pictures 
of drawings while they move through 
ihe machine at speeds variable from 
3 fpm. to 30 fpm. It takes drawings 
up to 42” wide, offers reductions of 
1/2, 1/3, 1/4, 1/5, 1/6, 1/7, 1/8 size. If 
desired, one of two ratios supplied 
may be 1:1 for originals up to a max- 
imum of 21” wide by any length 
Camera feeds the same as blueprint 
and whiteprint machines. 


B. 
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Lockheed engineers and Para- 
gon-Revolute representatives 
compare half-size print with 
full-size drawing at Lockheed 
Aircraft Corporation, Missiles 
and Space Division, Sunnyvale, 
California. Lockheed officials 
report that Retrievable Minia- 
turization has given them the 
economies and advantages pos- 
sible from reduced print size 
without sacrifice of valuable 
information on engineering 
drawings 


Andrew T. Johnson, president P 
of the company bearing his 
name, and son Robert standing 
in front of their new plant in 
Burlington, Mass. This graphic 
reproduction company with 
three locations in Boston was 
the first commercial house to 
install Retrievable Miniaturiza 
tion. They state: “Retrievable 
Miniaturization makes real 
sense to us — and to an increas- 

ing number of our customers 
Incidentally, our Revolute Proc- 
essorisdoingafinejobin proc- (#. 


essing direct positive papers 


[HE IDEA. Retrievable Miniaturization is a 
new ingenious method for reducing the size 
of prints yet keeping them large enough to 
be completely readable and usable. Developed 
by Paragon-Revolute, this method is acknowl- 
edged as one of the significant advancements 
in reproduction. 

HOW WORKS. In Paragon-Revolute’s unique 
Continuous Reducing Printer and Processor, 
reduced-size transparencies are made directly 
from original drawings for immediate repro- 
duction in blueprint or diazoprint equipment. 
Reductions can be made as positives or nega- 
tives on paper or film. The Printer takes 
drawings up to 42” wide by any length at 
speeds up to 30 fpm. 

THE ADVANTAGES. Retrievable Miniaturization 
fits in with existing facilities, calls for no 


y 


drastic changes in present drafting standards 


Reduced-size prints are simple and fast to make. 
A. Original drawings are fed into B. Revolute Continu- 
ous Reducing Printer where they are photographed and 
reduced on paper or film transparencies. C. Revolute 
Continuous Processor develops, fixes, washes, and dries 
transparencies for immediate reproduction in D. Blue- 
print equipment orE. Diazotype reproduction machines. 
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or print-making systems. It enables savings 
in materials up to 300% .. . increases capacity 
of blueprint or diazotype equipment up to 4 
times .. . slashes print handling time, filing 
space, and mailing costs. Most importantly, it 
provides readable, usable reduced-size prints 
without the problems and high cost of blow- 
back systems. 

You owe it to yourself and your company to 
investigate the advantages and savings offered 
by this great new concept in reproduction by 
mailing the coupon below. 


PARAGON 
REVOLUTE 


77 South Avenue 





OF CHARLES BRUNING CO 
BRUNING 


Rochester 4, New York 


INC 


Paragoa-Revolute Advertising Department, Dept. 3-V 


1800 Central Rd. Mt. Prospect, Illinois 


(-]) Please send me more information about Retrievable 


Miniaturization 


[] Please arrange for one of your representatives to 


contact me about a demonstration 


Name Title 
Company 

Address 

City— — State 
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TRENDS IN APPEARANCE DESIGN 








MACHINE VISE from the ZPS Works, Czechoslo 
vakia, was designed with the help of a “creative 
irtist’” (Czech for industrial designer, probably) 
ind has jaw opening ranging from about 2% to 
in. max, and clamping force of 3100 to 31,000 Ib 
depending on size. Clamping function is empha 
sized by low quat lines, which also ensure min 
eight above machine-tool worktable, and ars 
easiest contours for casting process. Cast-in drain 

, grooves and lip in base channel coolant dowr 
onto worktable not onto floor or operator! Three 
different models are shown: plain base, swivel 


nbination swivel and inclinable 


FORCECD-CIRCULATION SPACE HEATER, right 
has adjustable grill directing air in up to fou 
directions at once Thermostatically controlled 
fan has two speeds and three heats, all set by 
pushbuttons and dials grouped at back of steel 
housing. Housing has been given functionally sim 
ple duct shape, but effect is spoiled by chromium 
tubing, overlarge hub covering and two-tone color 
scheme. By Goertz Industrial Design Inc, NYC, for 
Rowenta Metallwarenfabrik, GMBH, Germany 
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CLOTHES WASHING AND DRYING center, above, tagged 
an “advanced concept is not on the market and may 
never get there. Dispensers, arranged neatly at the back 
have individual actuator-covers lined up to make a fun¢ 
tional design element. Control panel is relatively simplk 
in this era of appliances with “space-ship” consoles—but 
why hang it way up on top, where it will force some hous« 
wives to crane their necks? Dryer, with a rotating conveyor 
belt that lifts, tosses al drop clothes, looks like ar 
interesting departure fr andard rotary equipment, but 
users may be unwilling to give up counter-height clothes 
sorting surface provided by all currently available equip 
ment } esigne! ta Sandir Hotpoint Div, General 
] t Brooks Stevens, Milwaukee 


INCLINED BORING AND TURNING machine, right, has 
advantage of both vertical and horizontal designs. En 
closure of work area helps to control flying chips and 
makes them easier to collect for discharge. Machine has 
three tool heads: one for boring and two side units for 
circumferential cuts Uncrowded, easy-to-read control 
panels are mounted on either side of the sliding panel that 
hides electrical system Name hardly needed to be so 
large. Made by Schiess AG, West Germany 
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CANADIAN LETTER BOX, above, of glass-rein 
forced polyester, is being tested from Vancouver 
to Nova Scotia. Slot is large enough to accept 
regulation-size letters and packages, even though 
top doesn’t lift Box is emptied by unlocking 


pouch-like lower section, which then drops down 


to rest against mounting standard Designed by 
Finkel-Eveleigh Industrial Design, Montrea made 
by Long Sault Woodcraft Ltd 





‘In modern manufacturing, electrical 
control equipment is the very heart of 
mechanized and automatic operation. Be- 
cause our plants have become so depend- 
ent on this equipment, the cost of ‘down 
time’ for any control failure is simply 
staggering. And, according to many manu- 
facturing engineers, limit switches are the 
worst offenders, accounting for as much 
as 70% of all interruptions due to control 
failures.” 

Mr. J. S. Wilford, Editor 
PRODUCTION Magazine 


“At least 60% of the electrical failures 
causing downtime of the production ma- 
chinery used in manufacturing home 
appliances at the Whirlpool Corporation 
can be traced to faulty limit switch oper- 
ation. An analysis of the switch failures 
reveals the inability of limit switches to 
meet the requirements of high production 
equipment such as is widely used in our 
St. Joseph Division.” 

Mr. C. R. Burg, Maintenance Engineer, 
Whirlpool Corporation 


“75% of the electrical failures on our 
machines can be traced directly to limit 
switch malfunctions. This problem is par- 
ticularly aggravating to us because we are 
responsible for the successful operation of 
our machines and their components on 
our customer’s floor. We have spent a 
great deal of time engineering protective 
mounting schemes to compensate for the 
inability of today’s limit switches to 


check the seepage of corrosive coolants 
and microscopic grit.”’ 

Mr. N. P. Bashor, 

Director Electrical Division, 

W.F.& John Barnes Company 


Production’s Enemy’ 


MEETS ITS MASTER 


Cutler-Hammer announces the first 


Hi Tolerance Compensated 


Hi Contamination-proof 


Hi Visible Contact 


Extended Life Limit Switch 


PRODUCT ENGINEERING - MARCH 7, 1960 





The new Cutler-Hammer Extended Life Limit Switch installs 
easier, works better, and lasts longer than any of the “‘oil- 
tight"’ limit switches now in use. Exhaustive tests, including 
total-submersion life tests, confirm this fact! But don't take 
our word for it. Try it... Test it... Compare it. The new 
Cutler-Hammer Extended Life Limit Switch is completely 
interchangeable with any widely used limit switch. Replace 
your most troublesome limit switch installation with this 
new tolerance compensated, contamination-proof, visible 
contact Cutler-Hammer Limit Switch; and it will work bet- 
ter, last longer than any other you have ever used. This 
is the answer to your limit switch problems. 

For descriptive data write for Publication ED143-E249. 
Cutler-Hammer, Inc., Milwaukee 1, Wisconsin. 


Tolerance Compensation 


ine ne Cutler-Hammer Ext 


tart 


Contamination-proof 


New triple sealing ¢ tively check 


Contacts 


tlor WH 


Compare these features, too! 


One basic model is readily adapted to all! desired 


either 


for either 


forms of lever or plunger actuation for 
momentary or maintained contacts 
surface or cavity mounting 

entatio of the 


with 


Unsurpassed flexibility: 90° or 
operating head. 360 
a locking 


rotation of lever arr 
that 


provide 


device holds the istment 


Lever operators clockwise counter 


clockwise, and clockwise-counter-clockwise 


actuation easy to set on the job without dis 


assembling the switch 
Precise actuation 10 


or 5° pretravel—45 


pretrave 

overtravel 

Visible, saddie-clamp terminals 

flash-over barriers 

Unitized switch mechanisms a 
speeds replacements whe 

circuit damage occurs 

Meets all JIC and NMTBA rea: 

complete 

used limit switch 


interchangeability 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation 
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This versatile, easy-to-handle, adjustable triangle is made of yellow-tinted optical- 
grade acrylic plastic. A clean-cut oval track fitted with metal knurled knob assures 


ease of operation and lasting tight fit. 


New combination 
protractor-triangle 
speeds up drafting 


Architects, Engineers, Builders, Field 
Surveyors, Mathematicians—anyone 
who develops solutions to measurement 
problems indirectly to determine a 
wanted measurement graphically or 
mathematically—will find the Trig- 
Matk Adjustable Triangle a handy 
tool. It eliminates much of the graphic 
work necessary in estimating results or 
in checking for correct answers 


Versatility with accuracy 


Basically the new Post Trig-Matk Ad 
justable Triangle is a mathematician’s 
tool—accurate to three decimal places 

It combines the functions of a pro 
tractor and a triangle into a simple 
unit, with two fundamental trigono 
metric relationships of a right triangle 
The Trig-Matk provides accuracy 
within 0.1° in problems dealing with 
any of the six trigonometric ratios of 
the sides of a right triangle 

The adjustable protractor has three 
sets of graduations. One set is grad- 
uated in half degrees, labeled Degrees, 
and permits the use of the Trig-Matk 
is a protractor setting for determining 
any angle from 0 to 90 degrees 

lhe second set of graduations, labeled 
Slope, shows directly the Secant trigo 
nometric ratio of the angle indicated 
on the degree scale. The third scale, 
labeled Rise, indicates directly the Tan 
gent trigonometric ratio shown on the 


de gree Ss ale 


Examples 


This new tool has a host of drafting 
and engineering applications. Highway 
designers find the Trig-Matk very use 
ful when making cross sections of road 
ways at ground level or below. By 
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in indicated angle of 40 degrees on the 
Trig-Matk (1589) shows directly that the 
Rise is 8.4 to the base of 10. 


setting the Slope scale to the degree 
desired, road-curve grades are auto 
matically determined. The protractor 
can be used to determine the angle of 
highway ingress and egress lanes 


Structural Engineers will find the 
Trig-Matk Adjustable Triangle a 
simple tool, eliminating the use of both 
a scale and individual triangles. In 
addition to the time saved, many of 
the errors usually associated with the 
older method are avoided. The Trig 
Matk design eliminates the need of 
frequent reference to handbooks for 
information on various bevels 


Two Bases 

The Trig-Matk No. 1589-12 has a 12 
base scale for handy calculation in 
terms of feet and inches. Number 1589 
10 has a metric base scale of 10 


Keep posted on all the latest trends in 
drafting. Consult your local Post dealer 
or write to Fre de ru } Post Co 9 8642 
North Avondale Ave., Chicago 18, Ill. 


S e DRAWING INSTRUMENTS & SLIDE ® 
EQUIPMENT & DRAFTING FURNITURE 





READER TO EDITOR | 





A Question of Gearing 
Io the Editor 

i have read your article “Twinworm— 
The Self-locking Gear” in the Jan 18 
issue, p 41, and found it interesting both as 
to the subject and as well as presentation. 

I would appreciate it if you would clarify 
one point in your presentation. As I 
understand, the “‘self-looking” feature, the 
'winworm is dependent upon the “skew” 
ingle between the two axes. You refer to 
the pairing of the shafts with bevel gears 
as means for compensating for the angle 





oO 
© 
=| 











What bothers me is the fact that bevel 
rears are coplanar axes while 
skew” refers to axes not in the same 
JosePpH KAPLAN 
Instrument Corp 


Syosset, NY 


@ Mr Kaplan has brought up an interest- 
rhe published figure (above) ap- 
pears to show the input Twinworm as 
having a conical instead of cylindrical 
pitch surface Perhaps two clearer meth- 

ls of yling a set of bevel gears to a 


oas of oul 


| 
[winworm gears art 


used to join 


plane 
Fairchild Camera and 


ing point 


I 


set of 





Beve 











\ ang] 


Actually it 


el gear 
» tl 


nose 


compa t driv 
When Machines Will Think 


oted your comments on creating a 
e that can think (Jan 18, p 24) and 
a few random thoughts 
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of my o , nsideration the 
first place in ambiguous word, 
to a phenomenon littl 


inderstood by lay and prof 


loosely attri 
sional men 
alike. So far as its basic mechanism is 
oncerned, the giant computers have al 
mastered the functio1 t retentior 


tion Master 


of these functio *r se admittedly does 


ll, evaluati« 


not prech . i they ar 
simply the tools by which thougl 


( is 
Howe I I i¢ workaday 
business of living, these functions often 


if 


manipulated 


masquerade as “though 

Thought cannot exist til the element 
f tivity idded. 
ing ymmand any previously 
ta I pr ) S 
not involve thought 
or pro 


‘ re ind stat- 
learned 
however ymplex, does 
Applying that fact 
through extrapolation of prob 
ability, to arrive at a new or unique solu 
tion which extends 
of skills, does 

The crux of thoug en is creativity 

Creativity, simply stated the act 
bridging from that which known to 
that which is yet to be known with the 
help of two juestions: Why? How? The 
relative success of any extrapolation is 


vocabulary 


directly dependent on individual recall and 
the astuteness with which these two ques- 
tions are framed and answered for each 
specific problem. 

From this premise, then, we can con 
clude that before a machine can “think 
it must be able to question—that is, test 
every new fragment of input information 
against all retained information, then cat 
alog and fil 
tionships 


ontinuous 


for recall the resulting rela- 
It must also have a system of 
internal programming 
or curiosity 

Will such a machine ever be bui 
I believe it’s likel Then what of the 
elusive, divine, human element? What i 
left to defy mechanical reproduction? 
Ego —Arcu D. Evans 
Highland Park, Mich 


COMING EVENTS 


MARCH 


1ST7 . 2 ee SOG 
gineers, National 
Sheraton-Cadillac 


anet ..2cs Am 
hanical Engineers, 


n Hotel Sh 


Tess 


NYC 


tomotive Engi 


ut Meeting 


68 .. nstitut f Environmental 
Sciences, 1960 National Meeting, Bilt 


more Hotel, Los Angeles 
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Typical Control Functions 
solved by AIR CIRCUITRY 


Westinghouse Multi-Position Cylinder 


The Westinghouse Air Brake Company’s 
complete line of AIR CIRCUITRY com- 
ponents contains a wide variety of pneu- 
matic positioners to handle almost all of 
your force and positioning requirements 

No longer is pneumatic positioning limited 
to a single or double acting cylinder. Re- 
motely controlled by directional and/or 
pressure control valves, both variable and 
fixed force and positioning is possible. Along 
with all the advantages of air, these devices 
are easily maintained and serviced. Un- 
complicated and rugged, pneumatic posi- 
tioners may be the answer to your control 
problems. 


Typical Applications — The illustrated 

positioners have been used in almost every 

field of industry today. These positioners can 
punch 

tte 


pierce 


If you have a positioning problem, let us 
know about it. It can probably be solved 
with AIR CIRCUITRY. For more informa- 


tion, ask for our catalog on Positioners. 


What is AIR CIRCUITRY? 


This is the Westinghouse term for appli- 
cation of pneumatic control systems to 
industrial production operations. Safe, eco- 
nomical, precise AIR CIRCUITRY is now 
being used to solve the most rigorous and 
complex control problems in industry. West- 
inghouse Air Brake has pioneered the appli- 
cation and development of air control for 
more than 80 years. Today our engineers 
can design an air circuit which will help 
you boost production and cut costs in your 
plant or shop 


1. ONE AND TWO STATION POSITIONING—Single and 
double acting cylinders can perform all types of 
force and positioning functions. The Westing- 
house line of cylinders includes diameters from 
1” to 10"; strokes to suit application; single and 
double end; foot, swive 
mounts. 


flange and trunnion 


2. MULTI-STATION POSITIONING — Controlled by ar 
associated directional valve, these ylinders 
attain 3, 4, 5 and 7 fixed positions of stroke 
Three position cylinders are available in 2", 3 
4°,5” and 6” diameters. Strokes may be obtained 
to suit application 


3. VARIABLE FORCE AND POSITIONING — Diaphragm 
type cylinders are controlled by manually or 
mechanically operated pressure contro! vaives 
to achieve a variable force or position of the rod 
Various diaphragm areas and strokes available. 


4. INFINITE POSITIONING-LIGHT—The actuator pos 
tioner has an infinite number of positions 
governed by the amount of air pressure acting 
Remotely 


valves dictate the 


on its spring opposed diaphragm 
operated pressure contro 
position of the operated lever. This device has 
a low force rating 


~~ ae SP 


TK; 
, , 
Tw 40} uy 


5. INFINITE POSITIONING-HEAVY—The Westing 
PNEUDYNE® Positioner can position accu 
independent of the opposing force, up 
power capacity. The power capacity is dete 
mined by piston size and supply pressure. Re- 
motely controlled by 

this device mainta 


changes in the oppos 


See the Yellow Pages under Cylinders for the Name of Your Loca/ Distrib 


WESTINGHOUSE AIR BRAKE COMPANY 





x) 


INDUSTRIAL PRODUCTS DIVISION, WiLMERDING, PENNSYLVANIA 
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FLEXIDYNE WORKS 


The “dry fluid” in Flexidyne is tiny 
heat-treated steel shot. A measured 
amount, called the “flow charge,” is 
contained in the housing, which is 
keyed to the motor shaft. Inside the 
housing is a rotor, free to revolve 
relative to the housing, but connected 
to the load. 


When the motor is started, centrifugal 
force throws the flow charge to the 
perimeter of the housing, packing it 
between the housing and the rotor, which transmits 
power to the load. Initial slippage is momentary. Hous- 
ing and rotor become locked together and achieve full 
load speed without slip and at 100 efficiency. 


~ HOUSING. 


CALL THE TRANSMISSIONEER — your local 
Dodge Distributor. Factory trained by Dodge, he 
can give you valuable help on new, cost-saving 
methods. Look in the white pages of your tele- 
phone directory for ‘Dodge Transmissioneer.”’ 
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Overheated motors? 


Excessive belt maintenance? 


Breakage of materials being processed 
—like thread, wire, paper? 


N WW 


Expense of oversize or high 
torque motors? 


High demand rate? 


Expense of reduced voltage starters? 


NN NN 


Clutch trouble? 


Breakage of transmission parts due to 
instantaneous shock loads? 


[NI 


Damage and recurring down-time 
from overloads? 


[NI 


-FLEXIDYNE 


THE DRY FLUID DRIVE 


It is no longer necessary to accept the destructiveness—the 
costliness—of conventional starting in the mechanical trans- 
mission of power. Flexidyne changes that! 

Flexidyne is the new way to start loads smooth! y—to protect 
against shock and overload—to save power—all without any 
sacrifice of efficiency at full load! 

This revolutionary development is ushering in “the day of 
the soft start'’—which can mean thousands of dollars to you in 
equipment savings and in better, more economical operation. 

Flexidyne is available, off the shelf, in Drives and Couplings. 
Capacities range from fractional to 1,000 hp. Ask your local 
Dodge Distributor or write us for technical bulletin. 


DODGE MANUFACTURING CORPORATION, 1200 Union St., Mishawaka, Ind. 
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AMP 
taper technique 


points the way 
to greater 


reliability 


Magnetic Amplifiers, Inc. of New York carefully manu- 
factures its Static Inverters with a step-by-step quality 





control and testing program to build in the reliability 
required for aircraft and missile applications. 
ah Magnetic 
It found that AMP Taper Technique simplified this ony gt 
. . : . ol static 

procedure. A high speed AMP Automachine pre-ter- wid a... Inverter Model 
minates circuit leads with crimp-type, pre-insulated solid SIS-425041 
Taper Pins. Components are then easily tested in the 
modular stage before final assembly. Crimping eliminates 
difficult soldering operations and the danger of burning 
wound components while Taper Technique permits 
checking and trouble shooting without destroying the 
main cable. After final assembly, when the Pins are in- 
serted into the Blocks, this Technique provides rugged 
AMP 
Pre- Insulated 
; Taper Pins 
AMP solderless Taper Pins are made in formed and ; = and stackable 


vibration resistance and operational reliability. 


solid types, with or without pre-insulation and mate with See Taper Blocks 
a wide range of one or two piece stackable Taper Blocks. 

You'll find that AMP Taper Technique is ideal for your 

quality control or circuit density problems too. 


Write for our new Taper Technique brochure. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP p and engineering assistance are available through subsidiary p in: Australia « Canada « England + France + Holland « Italy + Japan + West Germany 
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ON THE SURFACE... 











YOU CAN'T BEAT 
VULCAN STRIP 
HEATERS 


The surface we mean is any flat 
surface to which Vulcan Strip 
Heaters can be clamped — dies, 
platens, molds, ete. Vulean Strip 
Heaters are also excellent as air 
heating sources for ovens, air 
ducts, dryers, ete. And these ver- 
satile heating elements can be 
formed into circles (one or two- 
piece) in radius of 5” or more. 


Standard one-piece seamless 
sheaths are made in steel for 
sheath temperatures to 750°F; 
Chromalloy to 1200°F. Lengths 
are from 8” to 421%” (special, 
shorter or longer). Wattage rat- 
ings are from 150 to 1500 (or 
higher). 


Write for catalog and prices. 


Quel) 


VULCAN ELECTRIC COMPANY, Danvers, Mass 
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new or better farm ma- 
chinery. The US Department of 
Agriculture in its recent Bulletin 
No. 221, “An Appraisal of Agri- 
cultural Research,” points to 
eight much needed improve- 
ments 
1. Better use of electric powel 
(only recently supplied to many 
ireas )—particularly labor-saving 
machinery for production of 
livestock and poultry. 
2. Equipment and methods 
for mechanizing tobacco harvest- 


ing—now performed by manual 
" labor 
3. Tractors and tillage equipment that will prepare the soil better for large 


crop yields. 

4. Improved equipment for precision planting and fertilizer placement 

5. Better ways to treat crops and apply pesticides for control of weeds, objec- 
tional soil organisms, plant insects and diseases. 

6. Specialized equipment for developing the potential of new commercial 
crops. 

Better methods and equipment to aid storage and handling of farm 

products, particularly forages and feed grains 

8. New methods for supplying household water and disposing of waste in 
rural areas. 


. a fast, inexpensive way to transport packages and small items of freight 
\ pneumatic tube shuttles mail back and forth under the East River between 
Manhattan and Brooklyn; why not a similar system for long-distance distribu 
tion? Small bundles, properly protected from moisture, could be forced 
through a pipe hydraulically. With two pipes between points, one for sending 
and one for receiving, fluid would simply be circulated around a closed loop. 
Or a single pipe might be more practical when delivery of the fluid itself 
(water or oil, for example) was also an important advantage. Bundles could be 
inserted into the line through a wet-lock valve and shunt loop, and delivered 
to waypoints by switching them into spurs in response to signals generated by a 
magnetic code on the bundle —F Derew 


. . framed pictures for the home, projected from easily changed 
35mm slides—for a change of scene, simply insert a new slide 
Image should be projected from behind onto a transluscent 
ground-glass screen. A unit not over 2 in. thick could be hung on 
the wall in the usual way or mounted permanently, flush with 
the wall surface, between wall studs. Projecting the small-frame 
image onto a large flat surface could probably be accomplished 
by inexpensive lenses and large curved reflectors of complex 
shape. Reflecting surface could be vacuum-formed of plastic 
sheet, coated, and rigidly mounted in the frame. Or perhaps 
the principle of fiber-optics could be used to conduct light from 
small segments of the slide to large segments on the screen 
with bundles of tapered acrylic fibers. —R Myra 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted. 
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Filmsort aperture cards make it so simple to 
supply needed engineering information to any 
department, branch, or plant. When your micro- 
filmed engineering drawings are on these versa- 
tile cards, facts that speed production are at 
vour finger tips in just 90 seconds. 

This aperture card system, long used by U. S. 
Forces, is flexible and adaptable to any engi- 
neering drawing reference system—it fits any 
budget in any size operation. Multiple point- 


The 
Filrmmsort 
Company 


a division of 
DMitencsora Mimime ane [fsnuractonine company 
WHERE EESTARCH (5 THE KEY TO TOmMOnR OW 


STERED TRADEMARK OF 3@ COMPANY 


aa Te 
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In just 90 seconds 


Filmsort Aperture Cards 
give you all the facts 


of-use files are easy to create and maintain. You 
can take a look at Filmsort aperture cards on a 
reader—or take more than a look, take a copy 
in seconds with a reader-printer. You eliminate 
waiting time for prints, out-of-file problems, and 
recover up to 96°) of drawing file space. You 
reduce overhead and improve communications. 

For information about how others use Film- 
sort aperture cards to speed industrial paper- 
work and communications, mail the coupon now 


THE FILMSORT COMPANY 
MINNESOTA MINING AND MAN \ 2 
DEPT. NO. JBH-370, ST. PAUL 6, MINNES«( 


Please rush mea free booklet about how others u 
ture cards to speed industrial paperwork ar 


NAME 
TITLE 
COMPANY 
ADDRESS 
CITY 
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vid oxygen tonk 


When -297°F LOX hits the piping, standard Anaconda 
tin bronze flexible connectors absorb the shock 


» connections used to ibsorb thermal con 
K In piping carrying lique fed gases vary 
material and design Anaconda makes assen 
s steel up to 14 inches I.D. for LOX lines in 
ind other special con 


le inch I.D 


yuund handling equipment 


ind hoses in a variety of metals down to 


re are many places where standard Anaconda flex 


issemblies of tin bronze can do l job de pend- 


Oakland, Cal., 
| pressure vessels to hold liquefied gases. To pro 
nd piping from stresses set up when liquid oxygen 

liquid nitrogen at —320°F begins to flow, the 


tal hose 


vith economy. Lox Equipm«e nt Co 


has found standard Anaconda Vibration Eliminators 


satisfactory. These flexible connectors designed fo 
vibration in rigid piping of refrigeration systems 
the physical properties needed the high strength tough- 
and fatigue resistance inherent in tin bronze. In fact, 
yperties are greater at very low temperatures tensile 


strength of « opper and copper! alloys are materially 


300° F than at room temperature Working pressure 


60 psi is no problem, as standard VE’s are designed for 


lications up to 300 psi in some sizes up to 500 psi 


FREE TECHNICAL SERVICE. Anaconda Metal Hose spec ialists are 


ynst thy working with « if , engineers on flexible connec 
tors and hose to meet new pr \blems. They may recommend a 
standard unit o1 help in the design of a spec ial unit. For in 
formation on standard units or engineering assistance, write 


Anacouda Metal Hose Division, The American Brass Com- 


pany Waterbury 20, Conn. In Canada: Anaconda American 
Brass Lid., New Toronto, Ont 


Emre 


ANACONDA 


METAL HOSE 
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Everybody Wants to be Boss 


Most Curl he D il | for 


specialists r the ~ our 


Cngineers CCK 
current execu 
tives who a1 generalists 
A recent Boo c milton that 


8 of 35 tist ad engineers want a future 


nginece;rs are 
survey shows 
in admuinistt 1 istori vy, onh or 10 Wi 
have 
nost of them will be disappointed 


mu h ne 


uch al ’ tv—if opportunity it 
Will the 


ful ones be ic pres \ ) ded pc 


be? 


wr the 


You 


1 
1€SS-SO 


Fucs 


ind transportat 


in most industri 
salaries. But most 


made their w 


vorking 
na have he ird 
companies 
een hired f1 


nearly 70 


nanufacturing three or 


in appliances and el 
st of the 


switch—or non 


companies, on 


tronics manuta but m top men 


It) ide 


of Purdue 
| 


) 
irticles by educators be 


ther industries only one 


Che 


ind 


recent engineering graduate 


in endless number of 


ut these same elements. provide ilmost a formu 


iI 


} 
i 


s seem to be to develop manage 


I he key 
ment inclinations early 


fields after college to broaden the knowledge base, to 


ror success 


to keep on studying in new 


find a good company and stick with it 


Herein lies a paradox. Presumably, a man studies 


engineering to be an engineer, but our social and eco 


nomic pressures redirect four or more out of ten. We 


ire not unique in this, because in Europe the ratio 


f engineers to non-enginecrs in management is even 


igher. There is considerable sense in it, too, be 


USC of our modern 


of the high engineering content 


yroducts and the training in analysis and objectivity 


nat engineers receive 


| he de votees 


that engi 


But this brings up another parad 
the humanities and the psychologists cry 
than to people 
than 
b 


levoted to things rather 
products 
management 1s supposed to 


th people. Wh 


ire more concerned with 


with personnel. Yet ¢ 


ind mcerned mostly wi 


many rs then? 
Che 


have not yet 


engineer-manage 
may lie in a dire 


looked 


been required to devote much more time and effort to 


inswecl 
Engineers have traditionally 


the obtaining of a degree than have humanities gradu 
ites, so only those with extra capacity get degrees 
What’s more, their work requires 
them to and the 


in decisions. Perhaps this results in men with unique 


n the frst place 


recognize isolate human element 


ibilities at separating their emotions from their jobs 


when the need arises 


Industry, meanwhile, has been discovering that a 
harder-boiled executive attitude must be adopted 
that too much lenience has crept into management 
So companies may draw still more executives from 


the engineering side in the years to come—providing 


the engineers ready themselves for the job 





Cylinders need not 


be expendable 

















Specify the 


With Extras ... At No Extra Cost * ee wll aremaker 
{ PISTON ROD SCRAPER— pro 


rod packing, cylinder bors 
surface by removing all 


ign particles 


for longer, more efficient cylinder service 
CUSHION ‘for air or 
— You too—can reduce replacement expenditures 
lower maintenance costs with the T-J Space 
iain ciditmeatian aii | tak sie maker cylinder line. Designed and engineered 
BORES AND PISTON Robs for greater for ruggedness, and accuracy of operation, the 
protection and reduced weat Spacemaker assures longer, uninterrupted 
operation. 
praca goon Ah mee! pea The T-J Spacemaker eliminates tie-rods, gives 
tna lif greater strength, saves space ...and reduces 
costs in all push-pull operations. Immediate de- 
FORGED SOLID STEEL HEADS throug! livery in a complete range of styles and capac- 
mut entire line ities ...air or oil. Write for Bulletin SM 155-4, 
today. The Tomkins-Johnson Company, Jackson, 


PILOTED PACKING GLAND with extra Michigan. 
long bearing for additional strength 


und support to piston rod 


NO TIE-RODS TO STRETCH—gives 
you 360° port rotation . less TOMKINS-JOH NSON 
space used . . . full strength. 

RIVITOR AIR AND HYDRAULIC CYLINDER TTER' WCHOR 
STREAMLINED DESIGN . . . operating 
pressures to 200 PSI, air; 1,000 
PSI oil, non-shock. 
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ENGINEERING 


FLEDGELING ENGINEERS 
VOTE FOR THIS JOB 


THEY WANT: advancement 
experience 
challenge 


THEY DON’T WANT: professional meetings 
sick benefits 


to publish papers 


JOSEPH L SEMINARA, humon-foctors speciolist, Soratoge, Calif 


> 


T. find what is your most effective “sales pitch” when 
hiring a graduating engineer, we mailed a survey to senior 
engineering students at 10 selected colleges across the 
country. Completed questionnaires were received from 
1016 students (60 to 70 

The questionnaire asked a student to rank the 17 job 
characteristics listed in Table I on next page, and his 


rc sponse 


preference for government, educational, or industrial em 
ployment. Personal information was requested on grades 


and specialty. 


Breakdown by employment preference: 
Industry 3% 
Government 6% 
University 0% 
Other 1% 


Breakdown by grades: 


“A” students 7.7% 
“B’ students 37.4% 
“C” students 54.2% 
“D” students 0.7% 


According to the survey, the embryo engineer believes 
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that private industry satisfies his top three needs 1) By 
far the most important is the opportunity for personal ad 
vancement. He is eager to elevate himself rapidly from 
student to a position of responsibility and recognition. (2 
Opportunity to obtain valuable experience and training 
is next. He is aware that graduation does not mean the 
_ and that his value to his em 


stud nt 


end of the learning process 
ployer increases as he gains experience Vhe 
wants the personal satisfaction of doing 

and must be challenged by it 

fourth—the¢ 
‘A” student rated starting pay and opportunity to continue 
his education ahead of it. Th 


lhe group as a whole ranked ecurity 


ymmpany with a reputa 
tation of successive waves of hiring, then firing, is at a 
young engineer does not neces 
sarily expect to make a lifetime career of his first job, but 


he does expect to be permitted to remain on the job as 


decided disadvantage. The 


long as he performs satisfactorily 

Ihe four job characteristics of least importance ar 
length of vacations, opportunity to publish papers, sick 
benefits, and the opportunity to attend professional meet 
The “A” 
students and the group preferring government work in 
Undoubtedly these factors 
will increase in importance as the students grow older and 


ings. The exact order depends on the subgroup 
clude prestige as unimportant 


gain professional experience 

Ihe job-preference subgroups vary their rankings some 
what, but the industry-bound subgroup ratings closely 
follow the group as a whok 
of the total 


Logical, because they rep 


resent 83.3 
Pay Expectations 


For the evaluation of the nein ng raduate’s pa 


expectations, 500 of the 1016 were analyzed in respect 


next page 
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FLEDGELING ENGINEERS continued 


the following three questions concerning salary 
. Indicate the starting salary that you would expect to get 
in each of the following employment areas at the completion 
of your academic training 
Government Service University Private 
. Considering the advantages and disadvantages of working 
in each employment area, what is the minimum starting sal 
ary that you would be willing to work for in each of the 
designated areas? 
. What salary would you expect to be earning after 10 years’ 
experience in each of the three major job areas? 
l'ables II and III show salaries expected by the students 
for the three major work areas. Median salaries, reported 
by Engineers Joint Council (EJC) in 1958, are listed for 
comparison. The figures in bold type are salary expectations 
in student’s chosen field. 
he salary-evaluation group consists of all the “A” stu 
dents, all government-bound, and all universitv-bound 
students, with the remainder selected at random to make 
a total of 500 
(he group breaks down by grades: “A”, 17%; “B” 
34%; “C”, 49% 


69%; Government, 27%: Universitv, 4 


By employment preference: Industry 

[he tables show graduating engineers are realistic in 
their salary expectations for industrial employment, with 
“A” students and university-bound students the most op 


timistic. (The two subgroups are closely correlated because 


a large portion of “A” students are in the university-bound 


group.) Each subgroup is most realistic about its chosen 


job area and underestimates the pay for the other two job 
areas. All subgroups underestimate university pay, rank 
ing it the lowest, whereas it is actuallv higher than govern 
ment starting salaries 

Che minimum acceptable pay for each job area indicates 
students are willing to start in their chosen area for ‘es 
than the expected amount. Each group feels that industry 
should pay the most. It is interesting to note that the 
university-bound student requires a minimum salary of 
$492 to work for private industry ($61 more than he'd r 
quire from a university), yet the actual median salary for 
private industry is $494. This indicates that you need 
more than a good starting salarv to lure a student of this 
caliber away from the university 

Monthly pay expectations after 10 years of service are 
also quite realistic, discounting any inflationary trends 
Again, universitv pa underestimated by all group 
Students entering their chosen job areas are under no illu 
sion that the low-paying areas will outstrip the others in 
the long run. In fact, the university-bound student expects 
to be paid $175 a month less than if he had entered private 
industry. The true differential is somewhat lower—$58 per 
month. Government-bound student is very realistic. He 
expects differential to be $84. It is actually $83 





TABLE | 


Whole Average Grade 
Job-selection Factors Group “A” “B” “C” Govt. 


Advancement 

Experience /Training 
Important, Challenging Work 
Job Security 

Geographical Location 
Continued Education 
Congenial Work Atmosphere 
Starting Pay 

Caliber of Colleagues 


coc oN DB UO & WwW WD 


Caliber of Supervision 


~ 


Retirement Benefits 


Ls) 


Opportunity for Travel 12 


Ww 


Prestige 14 

Length of Vacations 14-15 14-17 
Chance to Publish Papers 14-15 12-13 
Sick Benefits 16 14-17 
Attend Professional Meetings 17 14-17 


NO OO & 





RANKINGS OF JOB ATTRIBUTES BY DIFFERENT SUBGROUPS 


Job Preference 
Ind. Univ. 


TABLE I! 
AVERAGE MONTHLY STARTING SALARIES 


Govt. Univ. Industry 


Group as whole $398 $486 
“A” students $411 $530 
Students anticipating 
working in 
Government $404 $482 
University $443 $525 
Industry $394 $489 
Median in 1958 $467 $494 
Min acceptable pay by 
students anticipating 
working in 
Government 
University 
Industry 














TABLE Ill 
AVERAGE MONTHLY SALARIES AFTER 
10 YEARS’ EXPERIENCE 


Govt. Univ. Industry 

Group as whole $702 $639 $814 
“A” students $769 $645 $876 
Students anticipating 
working in: 

Govt. $714 $632 $800 

Univ. $741 $683 $858 

Industry $686 $640 $816 
Median in 1958 $694 $719 $777 














PRODUCT ENGINEERING + MARCH 7, 1960 














TABLE IV 


RATINGS OF OTHER JOB FACTORS 


Govt. Univ. Industry 


In which of the following employment 
areas would you most likely find a job 
with the best retirement plan? 


Where would you expect to be asso- 
ciated with the highest caliber of work- 
ing associates? 

In which of the following wovid you 
expect to obtain a job with the most 
liberal vacation? 


Where you expect to find the most 
liberal sick-leave benefits? 


Which type of employment offers the 
most encouragement to publish tech- 
nical papers? 

Where would you most likely get a 
job in which attendance at professional 
meetings or conventions is encouraged 
on “company” time? 

In the eyes of the community, a job in 
the following area carries the most 
prestige? 

Which of the designated employment 
areas would involve the greatest 
amount of travel in connection with the 
job? 

What general impression have you 
received from the faculty of your school 
concerning the best employment area 
to enter? 
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Job Areas Compared 


The bar graph shows how ea h 
vith regard to the important job factor 
f the entire 1016 students are used. For 
nd “Best Future for Mediocre,” the respons« 
rnment subgroup are included as a comparis 
tudents agree with the whok group 
red tape will be found in connection 
ind securing a job. They also agree with the 
whole as to where the mediocre student will 
get by. About one out of three students preferrit 
ment service has an “A” or “B” average. Four 
tudents expecting to work in a univer 
r “B” category. Of those headed for 


ibout half have an average of “‘A”’ or ‘ 
Remainder of the job factors are sic 


Table I\ 


inimportant by the seniors 


ind gives th 


ite industn 


What Private Industry Offers 


; 


nts have 


think that 


EDITOR'S NOTE: Fo 
if engineers, see 

Engineer Recruitment, Nov 2 55, p 28, discusses rec! 
nent of experienced engineers and refutes reports of wide 
spread pirating, auction-block bidding, and luxurious enter 
tainment. The predicted 10% who will change jobs in 1960 
will do so for a better working atmosphere and a more 
challenging assignment 

Engineer Salaries Up 13% Since '56, Jan 5 "59 p 26 
report of median earnings of engineering graduat«s, cover 
ing 1958, released by Engineers Joint Council 

Money, Glamor, Challenge Decide Today’s Engineer Stu 
dent on Future, Sep 15 ‘58, p 37. Spokesmen from variou 
ngineering schools tell what they think attracts student 
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when design calis for a choice: 


VIBRATORS-—4 TYPES 


FREDERICK MARICH, assistant editor 


vibration force of a few grams is sufficient to keep a 
servovalve from sticking. On the other hand, you need 14 
tons of force to operate a vibrating drill that breaks up 
rock. But the difference is not only in the size of the 
device and amount of power needed. The source of avail 
ible power and flexibility in varying the power and fre 
quency are factors in choosing the right type of vibrato1 

For purposes of design, vibrators are grouped in these 
general types 
1. Electric—pulsating magnet or motor eccentric—with 
variable force, but frequencies limited by electri 
current used. 
Hydraulic or air—pulsating or rotary types—with 
wide range of both force and frequency 
Mechanical—with limited range of force and fr 
quency, but wide variation within the range 
Air cylinder—a new development in the field of 
ibrators and highly efficient for custom-designed 
ipplications 
All these types have one common function, which is to 
impart vibratory motion to a mec hanism or material. It is 
the application that furnishes your guideline to which 
type shall be used. For example, a lightweight electrical 
unit is the practical answer when you want to keep a 
servovalve from sticking, or drive a feeder on a packaging 
machine. For the servovalve application a gentle moderate 
frequency force oscillates the valve gate into position 
directioned by the servomotor. Similarly, an ultrasonic 
vibrator operated at ultrahigh frequency but with moderate 
or even imperceptible force, shakes dirt and grease out of 
watches and other small mechanisms. At the other extreme, 
you need large units to operate cutting tools or vibrate 
large hoppers 


How Much Power? 


The force that a vibrator exerts depends upon the power 
input and a number of other factors 


heir relationship is 
not easily solved mathematically 


It is easier to correlate 


40 REPRINTED—Circle P37, inside back cover 


them by experimental methods. For example, in the appli 
cation of vibrators to big hoppers the major factors are 
thickness of hopper plate, size and shape of hopper, struc 
tural reinforcements, material in the hopper and its condi 
tion—dry or wet. Most important is thickness of plat 
The following data give its relationship to power required 


to move various types of material weighing lb/cu ft 


Power, Hopper-plate 
watts Chickness, in 


0.025—0 .032 
0.0320 .062 
1/16-1/8 
1/8-3/16 
3/16-1/4 
One fixed rule—if it can be called that—is this: To 
reduce cost and simplify conti 
frequency actually needed. Al vibration must be so con 
trolled that it is confined to the work it is supposed to do 
This will keep the vibration waves from cancelling each 
other and prevent undue stresses on the critical parts of 
the machine. But there are exceptions. The magnetic type 
should be slightly oversized to prolong life of the unit 
Characteristic advantages and limitations of various type 
are given in the accompanying table 


use the lowest power and 


Electric Vibrators 


These are simple to operate and economical for certain 
intermittent applications that are not particularly severe 
Electric power is used directly, which boosts efficiency 
his is true of both the pulsating magnetic and the motor 
eccentric types. In the first, a pulsating magnet with 
mechanical springs for recoil produces either 3600 or 7200 
vibrations per minute (vpm 

All such magnetic vibrators can be equipped with a recti 
fier and controller where variable power output is required 
Where variable power is not required, highest efficiency 
can be obtained at nearly full power, because limiting the 
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VIBRATORS—AND THEIR APPLICATIONS 





ELECTRIC 


HYDRAULIC OR AIR MECHANICAL AIR CYLINDER 
Pulsating | Motor 


Magnetic Eccentric Pulsating Rotary 


Frequency, vibr./min. | 3600; 7200 | 900-10,000 | 300-2400 1200-80 ,000} 9-—1800 30-500 
Power (hp or psi) 1/40 to 4hp| 1/2to 2hp | 40 to 90 psi | 10 to 120 psi| 1/20 to 1 hp 40 to 80 psi 
Components Magnetic unit} Motor unit Pulsator Rotary unit Eccentric cam unit Air cylinder 
Rectifier Switch box Valve Valve Motor-reducer Valve 
Controller Pressure unit | Pressure unit | Switch box Pressure unit 





Service Packing mach.| Packing mach.| Packing machines Conveyors Packing machines 
Feeders Shokers Feeders Feeders Hoppers 
Hoppers Hoppers Hoppers Hoppers Special applic. 
Cutting tools | Compactors | Compactors Special applications 





Maintenance Low for intermittent opera-| Possibility of air & oil leak-| Low frequencies allow) Air leakage is much 
tions, high for continuous op-| age requires much attention| for greater life; re-| less in this type 
erations quires routine lubrication 
Advantages Most efficient for intermittent] Flexibility in output range! Special designs can fur-| Most efficient for cus- | 
operations; wide range of| does not require precise siz-| nish any output range;| tom jobs requiring 24 | 
standard units available ing of units; suitable for ex-| low frequencies allow, hr /day operation 
plosive atmospheres continuous operation 
Limitations Frequency modulation range] Noisy on pulsating units;| Custom-designed units| Custom-designed units | 
limited, and any lowering of] rotary units require relatively} have high first cost have moderately high 
power lowers the efficiency;| more power first cost 
limited life 




















power with a controller cuts the amplitude without cutting requires more energy to produce the centrifugal force: 
the frequency. This indicates that a smaller unit might be Both types are less efficient than the electric types: The 


preferable for a particular operation. If a wide range of take electric energy, convert it to pressure and then to 
operating power is actually needed, consider possibility of mechanical motion. But they are advantageous in appli 
an air or hydraulic type. Remember, too, that the life cycle cations with explosive atmospheres where electric typ 
of any high-frequency vibrating system using mechanical would be hazardous. Also, a wide range of standard unit 
springs will likely be limited by the number of deflections ure available, and the range of individual units can bé 
the springs can endure. If the operation is continuous, life varied by merely throttling the pressure. A change in 
cycle will be short. Nevertheless, magnetic type is widely operating pressure will change both the frequency and the 
ised in packaging machinery, hoppers, cutting devices, force. This minimizes necessity to size the units precisely 
testing machines. convevors and feeders according to output requirements 

[he motor-eccentric type is an unbalanced motor that é . 

one vibration pet ak oe Like any motor, it Mechanical Vibrators 

yperates at the rated speed, 900, 1200, 1800 or 3600 rpm [his category, too, covers two general t pes—eccentri 
same figure as the vpm. Specially designed units, cam and harmonic spring. The first is used for the same 
ike the repulsion-induction motor, can give 7200 vpm ipplications as the motor-eccentric type. The eccentricity 


Another special is the so-called universal motor designed that produces vibration in the cam type is housed separately 
for 9000-10,000 vpm. Motor-eccentric vibrators are pat and connected to an ordinary motor by means of a flexibl 
ticularly handy in portable machinery for short intermittent oupling, belt or chain drive. It has a longer life than the 
operation, but their life is limited to about several thousand motor-eccentric, and offers greater range of output 
hours. Some units, made of heavy-duty materials, have a lhe harmonic-spring type uses a standard electric motot 
longer life ind drive mechanism coupled to mechanical springs to 
In general, electric vibrators are recommended for inter create a harmonic vibration. This type is particularly eff 
mittent operations up to about 8 hours/day. Greater usage cient in long, vibrating conveyors where minimum powe! 
will result in high maintenance and replacement costs consumption is needed to make them more competitive 
Hydraulic or Air Vibrators with other conveyer types. Ordinarily, waa convey 
ors must incorporate auxiliary processing functions, such 
Most of these vibrators will work off either hydraulic as heating, drying or cooling, to justify their increased 
or air pressure. Such pressure can be a central supply, or operating costs 
generated especially for a particular installation. These \ special version of the eccentric-cam type is the m 
vibrators generally have a lower first cost if an economical chanical knocker (sketch on next page It was developed 
source of pressure is available by author to fulfill a special application for which neither 
I'wo distinct types are available—pulsating and rotary- electric nor air vibrator would do. It simulates manual 
ball types. The pulsator is more efficient—it produces a hammer blows at low frequency for continuous operation 
vibrating force by abrupt pulsation of the pressure. The 24 hours per day. Maintenance and repairs are made at 
other type is much quieter but, because of its rotating ball, long intervals that coincide with plant shutdown 
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MECHANICAL KNOCKER, custom designed, gives 


mplitude and low-frequency vibrations 


Ihe unit consists of a motor-reduc with chain drive 
ind roller which actuate a spring-return piston that 
1 hard rubber tip. The spring can be changed quit 
to increase or decrease intensity of the hammer 
Speed of the motor-reducer unit can also be mad 


] 


iriable to change the frequency Consequently, flexibility 


much greater than can be had with electric or air vi 
yrators I'he first cost. however, is also greate! Maint 
is reasonably trouble-free if heavy-duty components 

ire used and wearing surfaces of roller and collar ar 
hardened. Custom-designed units like this one are pai 
ticularly advantageous in machines that operate yntinu 


with little or no attention 


Air-cylinder Vibrators 


or machines that require continuous vibration 24 
per da\ throughout the year, power consum] tion 1S Vel 
mportant. The new-type air-cylinder vibrator sketched 
in this page is the logical development for such applica 
tions. With a heavy-dutv, standard commercial air cylin 


der it requires less maintenance than any other vibrator 
| 


for the same job. It also uses less air because frequency i 
ontrolled independently of the air supply by means of an 
ectric timer. An air valve governs intensity of each stroke 
the vibrator uses only the power actually needed. Addi 

idjustment of stroke intensity can be made with 

ock screw on the piston rod. Generally, the piston 

} of the stroke before striking the surface to be 

ed. With independent control of both force and 
quency, this unit offers ideal flexibility. The first cost 
ompares favorably with that of a comparable mechanical 


unit; operating cost is less than for other air vibrators 


Suggestions for Mounting 
Application of pulsating magnetic or high-frequency 


hydraulic vibrators to hoppers and packing machines r 
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FOR SHAKING A HOPPER— 





AIR-CYLINDER VIBRATOR has independent controls for 


impact load and frequency operates 24 hours per day 


quires special care to make sure that vibration is confin 


to the purpose intended Otherwise, unnecessary 
will be placed on other critical parts of the machine 
xample, proper mounting techniques on hoppers is essen 


? 


] 
tldl 


Illustrated on next page is faulty design of a mounting 
for an oversize electric vibrator on the hopper of a spray 
dryer that has both inner and outer cones. Here, both 
ones of light-gage metal are put under excessive strain 
by the bulky mounting of the vibrator. This will caus« 
fatigue cracks to develop and the heavy vibrator will, in 
ne, crash to the floor 


\ remedy is shown in the right-hand portion of th¢ 


tl 


ketch. The inner cone is reinforced by a_ tack-welded 


ibration-distribution band. The outer cone is reinforced 


similarly and a 4-in. mounting plate replaces the @-in 


plate. Further improvement can be obtained by using two 
smaller vibrators spaced 8 to 10 feet apart on the circum 
However, decreasing the size of a magnetic vi 
So this 


should not be done unless lower life cycle is justified 


rerence 


brator for this application will lower its life cycle 


Static Grounding 


Also important for high-frequency vibration of packing 
machines and hoppers is the elimination of static elec 
tricity. The vibratory motion attracts positively charged 
particles in the hopper to the negatively charged hopper 
ind packs them down tighter as they accumulate. Since 
most of the products in a spray dryer are hygroscopi 
their absorption of moisture from the steam-laden ait 
causes a heavy crust to form on the inside of the hoppe: 
Ihis cancels the action of the vibrator 

It is quite simple, however, to eliminate static. Ground 
the hopper with strands of copper wire soldered at not 
more than 3-ft intervals on the circumference of the hop 
per, and then grounded to the nearest steel girder. It is 
not sufficient that such hoppers are already grounded at 


PRODUCT ENGINEERING - MARCH 7, 1960 





THREE DESIGNS BY THE AUTHOR 


ae 
/aner cone 
Q 0808 in 











Hopper Size ELECTRIC 


i] 


| Cfm @ 80 psi Vpm 


D, ft H, ft , in. W atts Vpm 


7200 

7200 |] 

3600 | 1/2 
| 


1/2 


3600 





3600 | 1/2 
3600 


Product Vent-pipe 


Size, in 


Product Angle of 


Flow, deg 


Alumina 22 
Ashes, dry 40 
Carbon 21 
Sand 34 
Zinc powder 54 








thei supports—static ele grounded as nea 


its source as possible 

The tables above give vibrator sizes for various hoppers 
and auxiliary information on vent sizes and angles of flow 
for different materials. ‘They 


ire for conical hoppers. For 
rectangular hoppers it is 1 


ecommended that two vibrators 
on opposite slopes be used; thei SIZC should be slightly 
smaller than the single vibrator for the corresponding coni 


cal hopper. For larger hoppers than shown, vibrators 


EDITOR'S NOTE: For another article For 

on vibrator application see 
Hydraulic Vibrators, Dec 9, '57, p 94 

Gives details of new concept in prod 


isolation 


tions see 


hydraulic vibrators. Includes diagrams 


of typical test system. coil springs 
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ELECTRICAL VIBRATORS require 
special mounting. Design, far left, 
will crack thin bin walls. Correct 
mounting is shown at right 


_ VIBRATOR SIZE FOR HOPPERS 





il} HYDRAULIC OR AIR 


Vibration Isolators with Zero Stiff- 
ness, Sep 29, ‘58 
uct testing for vibration fatigue with brief description 


volved, of 7 vibration isolators using 


MECHANICAL AIR CYLINDER 


=z 
v 


Vpm Dia, in Stroke, in. 
7000 
7000 
5300 


~*s8ss 








should be set approximately 8 feet apart on the circumfer 
ence 

l’o insure that action of vibrators will not be cancelled 
by hopper-design factors, it is important to check vent 
size and hopper slope angles. This auxiliary information is 
ilso tabulated below. Angle of the hopper slope should 
it least equal angle of flow for products shaken in the 
hopper. In rectangular hoppers the valley angle at the 
corners should correspond to this angle 


For REPRINT of above article, just check P37 on one of the 
Reader Service cards bound in this issue 


undesirable vibra For calculation of critical vibration 


frequencies see 

Critical Frequency’ in Stepped 
Shafts, Jan 11, 60, p 57. Derived equa- 
tions give critical speed and frequency 
for uniform round shafts; round, tub 
ular and rectangular stepped shafts 


9 


Details, with 
principles in 
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Machine produces diffraction 
gratings by ruling up to 50,000 
lines per inch on glass. Why 
the precious stones for bearing 
surfaces? They provide maxi- 
mum smoothness and hardness 
plus excellent resistance to 


temperature variations. 


Corrs 


rage 
suspension 
system 





. 


Diamond 

corriage 
Grating 
corriage 


Indexing 
gear 


Ruling Engine Slides on Sapphires 


BACKBONE OF THE ENGINE is a 
nickel 


‘ront casting 


air of semisteel castings 
supports the ruling 
mechanism; rear casting carries the 
driving mechanism. Each casting is 
mounted on separate pier by means 
of its 3-point suspension system 

Two leadscrews are incorporated 
The slave screw, mounted 3 ft above 
the work surface on bronze bearings, 


PS Completed after 15 years of 
research and construction, the ruling 
engine is housed in a windowless, dust 
free, insulated building with stone walls 
12 in. thick 
on piers isolated from the building 


The machine is mounted 


and external vibration by layers of 
sand and  vibration-absorbing cork 
Developed and produced for the Of 
fice of Naval Research by Edward 
Liebhardt 


Maywood, Ill 


Diffraction Products inc 


carries weight of the grating carriage 


and grating blank through a counter 
weighted suspension system. The mas 
ter leadscrew, on sapphire bearings 
positions the grating carriage by 
means of a split nut and is isolated 
from the mechanism used to index it 
The split-nut assembly that moves the 
grating carriage is prevented from 
rotating by two fins with cylindrical 
sapphire pads. These pads slide along 
a straightedge 9 in. below the screw 
Thrust of the split nut is transmitted 
by two ball-end pushrods fitting coni- 
cal holes in the nut and equalizing 
collar of the grating carriage. 

The dividing mechanism, used to 
rotate the master leadscrew, consists 
of a globoid worm and indexing gear 
The drive worm engages 72 teeth of 
the gear, providing a good averaging 
effect. Indexing gear is mounted on 
a hardened nitralloy shaft running in 
sapphire bearings; worm is mounted 
in a zero lead bearing in the semi- 
steel casting. Polished and lapped 
bearings are lubricated with molyb 


denum disulfide and oil to achieve a 
low starting torque. Coupling between 
leadscrew and dividing gear is a tubu 
lar extension with a steel diaphragm 
at each end. The diaphragms allow 
leadscrew to bear only on its own 
thrust bearing and not be affected by 
the indexing gear 

The diamond used to rule gratings 
is mounted in the diamond carriage 
that bridges the gap between two 
round ways. The carriage passes over 
the grating carriage and carries the 
adjustable diamond-holder. The bear 
ing surfaces that run on these ways 
are sapphire slabs (4% x % x 3/16 
in.) cemented to cast iron pads fitted 
to each end of the diamond carriage 

The grating carriage is made from 
a nickel semisteel casting and has 
eight 4 x % in. sapphire bearing pads 
recessed in its bottom. The ways on 
which it rides are high-chrome, high- 
carbon tool steel fitted into slots in 
the main casting. The compound 
levers used in the suspension system 
ensure that irrespective of the position 
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\ diamond 


\ - Lever crank action po a geneva ; Belt driven 
T ; * for indexing master —— dre & change ~~~ drive shoftt 
\ J IN leadscrew geors for slave screw 


\ = — a 
Fhe : . \ 
/ \ 
Modified Whithworth \ 
cronk lever action <2 : _ 


Oe 


\ ’ \. Cam /ifter for 
| 


. 

* \ 
Diamond & 
carriage t 
& woys - 


‘e \ Diaphraghn 5 


a ye’ ng 


of the grating blank on the carriage 
the bearing pads will always carry an 
equal share of the load. Load on the 
pads can be diminished up to the 
point where the carriage will actually 
float 


DRIVING-INDEXING MECHANISM 
of the ruling engine is powered by a 
1/5-hp de motor whose speed is 
checked by an induction generator 
coupled to it. Motor rpm is controlled 
by a circuit which uses the 720-cycle 
ac generator output as a standard. 
Motor speed of 1200 rpm is reduced 
by compound friction wheel drive and 
endless, flat canvas belt. Final speed 
of 16 ruling strokes per minute is lowering the diamond as required dur- right-angle Geneva mechanism and 
transmitted to the diamond carriage ing the ruling stroke. change gears drive the slave screw 
from the driveshaft by a modified A crank on the driveshaft provides The indexing cam accelerates the in 
Whitworth crank lever action. This a reciprocating motion once each revo- dexing gear and erating 

provides uniform rectilinear surface lution (or each stroke) to a tapered slowly for the first 4 of the motion 
speed of the diamond over the entire pin running in a helical groove gen- holds speed constant for % the car 
length of the ruling stroke. Stroke of erated in a cylindrical indexing cam riage motion and then slowly deceler- 
diamond carriage is constant to pro- This cam is connected through change ates the carriage to rest. At the end 
long the life of the carriage ways gears to the globoid worm that mates of travel, the tapered pin is retracted 
Line length is varied by raising or with the master dividing gear. A and returned to initial position 


corriage 


carriage 
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PRODUCT DESIGNS 











Valve Shuts Off Car Skid 


New English brake system incor- 
porates self-adjusting disks on 
front wheels and anti-skid mech- 


Master > gi 
cylinder anism on rear drums. Combination 





system compensates for unequal 


adhesion produced by weight trans- 





fer during hard breaking. 
Rear brakes 


To induction ‘ 
manifold Pressure 
limiting 
valve 
/nlet 
from 
main broke 
/ine 





Clearance 


Retraction 
spring 


—___ 
| | pes | 


ery . SPRING-LOADED VALVE re 
coi d stricts hydraulic pressure in the rear 
at As Ue wheel brakes to a preset maximum 
4 while pressure in front-wheel brakes 

is rising Valve closes when it 

oY) spring is overcome by the selected 

a pressure in rear-wheel circuit The 

: ’ inti-skid valve then remains closed 

s 24 until main-line pressure drops below 

: } “ E: designed maximum pressure for the 


: 2 | x 

roke Broke Worn | Broke ear wheels. Optimum pr ssure is de 

pod disk = caliper termined by the maximum braking 
torque capacity of the rear wheels 

SELF-ADJUSTING DISK BRAKES... . provide progressive adjustment, with afte weight transfer occurs 

constant clearance between brake pad and disk. Piston retraction is governed 

by preset clearance between the inner and outer sleeves. Hydraulic pressur« 

behind the piston moves the piston and brake pad into contact with the 

wheel disk and reduces clearance between sleeves to zero Retraction of the 

piston and brake pad is effected by expansion of the retraction spring betweer 

the sleeves. This restores the preset clearance PS Disk brakes on front wheels 

are squired to prevent brake-fade 








Inner sleeve slides on the post attached to the caliper housing, but is 
restricted by the holding spring—mounted with an interference fit on the 
post. Outer sleeve is crimped into the piston; retains inner sleeve and retrac 
tion spring 

When brake pad wears, hydraulic pressure reduces clearance between 


during hard stops. Drum brakes on 
rear wheels are sufficient to handle re 
duced brake loading resulting from 
weight transfer during stops. Com 
bination system with anti-skid device 
sleeves to zero. This pushes the interference-fit holding-spring along the post and vacuum servo is produced by Lock 
until full load contact between the friction pad and disk is established. When heed Hydraulic Brake Co Ltd, Leaming 
brake pressure is released, the retraction spring again withdraws the piston ton Spa, Eng 


This restores the preset clearance between sleeves 


46 PRODUCT ENGINEERING - MARCH 7, 1960 





from thermodynamics, equation for .. . 


ADIABATIC HEAD 


selects compressor type 








ROTARY 
POSITIVE-DISPLACEMENT COMPRESSORS 

If you know the pressure ratio, required 
flow and shaft speed, the “adiabatic head” 
concept can lead directly to the choice 
between a positive-displacement and cen- 
trifugal compressor—for all gases. 
Here’s a step-by-step method, including the 
needed reference data. 


WILBUR A SPRAKER, and 
ROBERT A STEIN 


Aeronautics and Thermodynamics Div 
Battelle Memorial Institute, Columbus, Ohio 


ompresso1 is loosely defined pl 
Cars blower meant any machine that 
vith a pressure rise from | to 35 psi; a ~ 


roduced a pressure rise greater than 35 psi 


m ignored a number of ‘single-stage centrifugal an 





ial machines, and today the distinction between blower 
unpressor has vanished; compressor now mean 
producing a pressure rise greate than | 
| psi it is a fan 
mall” compressor for our discussion here has a fl 
f less than 1000 cfm. While this is an arbitrary di 
' 


point, the selection problems change character at a1 











} 


this <¢ pacity. 

In this area there are two basic types of compr 
sitive displacement, and turbocompressor. Main d 
tinction is in the energy transfer method 
Jlacement the fluid is compressed by the van 
the container; in turbo machines the pressure com¢ 
lynamic effects such as centrifugal f 

Depend ng on the principal direction of the 
through the machine, turbocompressors 
radial or centrifugal-flow machines 
mixed-flow types employing varying 


axial and centrifugal flow 
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ADIABATIC HEAD 
selects compressor type 











ADIABATIC HEAD for the compressor, when pressure ratio is 
known, is computed from the values read on the vertical scale. 


Positive Displacement 


Positive-displacement. compressors include reciprocating 
nachines such as piston and diaphragm types, and rotat 
ing machines of the vane, gear, screw and lobe types 


Pressure rise in such machines requires small clearances 
lus some method of lubrication, and the compressed ga 


i 
therefore may be subject to contamination by the lubn 


cant However, some special reciprocating or vane-typé 


compressors with carbon piston rings or carbon vanes ar¢ 
designed to run without lubricating oil 


Piston-type reciprocating compressors are available in 
great variety, including special machines for unusual r 
quirements. Maximum compression ratio is 10 per stage; 
two-stage compressors are available for compression ratios 
reater than 8; multistaging can produce discharge pres 
ures up to 5000 psi. 


Diaphragm-type compressors are limited to a flow of 
only a few cfm; low initial cost is offset by limited life 
and frequent maintenance under severe service. 


Rotary sliding-vane compressors can produce a com- 


48 


ency 


Relative Effic 


Specific Speed, N 


SPECIFIC-SPEED RATIO compares the efficiency 
of all three types of compressors for a given 
speed, volume and adiabatic head. 
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pression ratio of about 8 per stage Chey perform eff 
ciently over a wide range of pressure and flow rates, par 


ticularly for pressure ratios of 2 or greater. 


Liquid-piston compressors employ water or other low 
viscosity liquid to compress gas trapped between th« 


blades and casing wall. There is no metal 


contact bh 
tween blades and wall, therefore no lubrication 


at these points. Single-stage compressors 


or wv 
ire available f 
a wide range of flow capacities, with compression ratio 
up to 5 


Gear-type compressors have two meshing-screw rot 
to produce internal compression 
a fixed clearance between the rotors and no internal lubri 
cation is needed. Pressure ratios of 3 are possible with 
inlet at atmospher 

Rotary two-lobe compressors have mating lobed im 
pellers that push the gas from inlet to discharge line 
No internal compression takes place, but the impelle: 
forces the gas through the discharge opening against bach 
pressure of the system. As in the screw-type rotor, clear 
ance between impellers is fixed by timing gears, thus elim 
inating need for internal lubrication. Compression rati 


are limited to about 1.7 in a single stage 


Usual limiting pressure ratios per stage for various typ 
of positive-displacement compressors in capacitit ip t 
1000 cfm are 


Type Max Pressure Ratio 
Piston 10 

Vane 

Liquid piston 

Diaphragm (10 cfm max) 

Screw 

Lobe 


l'iming-gears maintain 


Adiabatic-head Equation 


Operating characteristics of all type f compressors can 


be compared by the combined us 


of two parameters 
pecific speed and adiabatic head—each a function of the 
geometry of the machine 


less ratio first developed for liquid pumps and then 


opecinc speed 1 dimension 


ipplied to compressible fluid 


For liquid i mpl su lensit But for 
ompressible fluid must be integrated for density 
hange i on iw the thermody) 


nami a 


Lhis 
batic head” 
rormance 
nlet temperature 
eats of the fluid 


nine the di t 


} 


to evaluate 
ince data 
In a centrifuga 


mined by the spec 





GAS PROPERTIES FOR COMPUTATION OF 
ADIABATIC HEAD 


Molecular 
weight 


Ratio of 
specific heats * 
Hydrogen 2 4 
Helium 4 
Methane 16 
Ammonia 17 


Steam 18 


Carbon monoxide 28 
Air 29 
Oxygen 32 
Carbon dioxide 44 
Freon 12 121 


1 
] 

1 

| 

1 

Nitrogen 28 1 
| 

1 

1 

1 

1 


~Were &B We WWW ™N 


* Values are for input temperatures in the normal ambient 
range. 








SYMBOLS 


pressure head 

adiabatic head 

ratio of specific 
temperatures 

molecular weight of ¢ 
rotational speed, rp! 
specifi speed 

compressor let pressure 
compressor oO itlet pressure 
gas constant, 1544 ft Ib/Ib 
inlet temperature F 


volume, ( fm 
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ADIABATIC HEAD 
selects compressor type con 





r under given 


1¢ adiabatic-head concept helps evaluate the 


g the fluid properties inlet pressure and 


on compressor performance 


ilet ft mperat ire dec! 


Dp miuc? 
vith higher mol 


itionship applies both positive-displace 
ocompressors, it offers irect method of 
formance in a specific application. When 
; plotted as 

N = nQue/ Hs 
the relative efficiency of p 


centrifugal and axial-flow machines is 


the d agrams 


ted for a specific speed, flow and head 


Now, let’s carry through a simple 
lem. Suppose we cfm of 
air at 2 psi, and plan to 


200, and H is 200 x 530/ 
Substituting this value 
equation for specific speed gi 
20,000 (50)%*/3680% or 300. 
the chart for specific i 
between the displacement 
types. A centrifugal type can be made 
relatively low cost from aluminum stamp- 
ings, while a iti com- 


a 
ifs 


nated with a 3600-rpm induction motor. At 
this lower motor speed the specific speed 
would be 55, and the choice would 
swing to a vane-type compressor, which 
would also be much quieter. 

To show how this design approach 


works with another gas, consider a machine 


In using this neth 
pplication, the first 
ments 


e Molecular weight and rat 


e Pressure ratio requir 
’ 
@ Inlet gas temperature 


@ Flow rate 


lect compressor t 


If chart indicate 
itio to narrow the ch 
W hil pressure ratio 
factors in selecting a 
} lo 


ONSKICI pressure 


70,200 X 28.95/520 = 3910 
This value, read down from the curve 
for K = 1.4, gives a pressure ratio of 6.8. 
to de- 


80 F and inlet pressure of 50 psig. 
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Compressors—in Series or Parallel 


4] 


in gene! 
] 


nutional 


If the supply is u 


only short idle period 


imulator 
th 


time with 

3 capacity should nearly equal the supply If 
onstant discharge pressure is required, ust REPRINT COPIES of th 
For regulate by addressing Reader 
W 42nd St, New York 


for long periods yf 


ompress 
i relatively 


umulator and compre 


i | 


mall ac 
th a pressure 


ressurt LISC inh OVCT 


itor 
EDITOR'S NOTE 
in selecting ‘ oe 


For Specialized Requirements , 
Other 1 urements lud ec gascs, we i I cle 
; r extremely lov . Selection and Applicatio 

Compressors, Mid-Sep 


gh temperatures, higl ure 
t il properties 
I fo S tio! insta 


is well as gases « ithe 
1 range heavy 
lose-clearance hig! 


i} previous art 


f Heavy-duty 
| > rix ; 
] ves Dp 


n 


} 
pi sures and 


high-pressure 
suction compressors 1 4 corrosive appli 

'ropertic of 
urfaces in contact with fluid ma oo 
' ' hit tems are l ou 
§ . or graphite 
—— oo on on New Data for High-press 
other than influence selectior 9, p 71 compres lity 


COMpressol 
hiy treated 
ure Air, 


tions, the 


be glass 
Wet gases, ind gas¢ 
ssion of wet 


i 

Compre leads to a more nearly isotherma scosity, and velocity o 

msequent change in compres ro to over 5000 psia 
Pressure Losses in Pneumatic Systems 


present problems not pr 
: Oct 26 
NBS flow 


59. p 50. summarizes 


with a < 
lubrication ma 
Corrosion-resi 
gas¢ wx the choice 


compression 
performance 
ent with dry gases 
T high 


tant construction 
nomoerzral ! 


temperature 
complete pining 


be needed rr 


Air Valves 


COTM PTeCssor OT 1 i 
Pressure Drops 


But c 


inlet temperature 


compressor conditions often present problem 
nanutfactur mn solve mad tl 


lig ] 
TiSive speciazHzead 


be between an expt 
cooler to decreas the 
speiali ed 


that onlv th omp 


hould b I I ( 


equirement 1 with him 
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what the designer should do about 


PRODUCT PRICING 


You can’t separate design and price, 
yet engineers are rarely told about 
the marketing plans for a product. 
Here a marketer tells what engineers 
should know. r 


DR ALFRED R OXENFELDT 


Professor of marketing 
Graduate School of Business 
Columbia University 


RATIO OF INCREMENTS OF COST AND PRICE is the 
best index of probable profit. Starting with a basic product 

having minimum quality to perform a function—each 
increase in quality has a measurable manufacturing cost 
\s long as the permissible price increase is larger than 


the cost increase, quality is a profitable investment 


52 


TT he connection between product design and price i 
fairly obvious: The better a product’s features and design 
the higher the price it will command. Conversely, a prod 
uct that suffers in comparison with its competitors must 
be sold at a lower price, if at all 

A designer's major function is to discover or create 
features in products that buyers will pay to own—and 
pay more than it costs to make them. Yet in few firms 
is the designer asked his opinion about price. Often he 


does not recognize his own place in_ the pricing process 
The extreme views 


'o the designer it would seem simplest to design th 
best product possible—and let others determine the price 
his takes economics out of designing, but, except for a 
few rare instances (medicine, space ships, and the like 


it is impractical. Almost no market exists for the best pos 


PRICE ELASTICITY is an index of how changes in price 
affect sales. Products may differ greatly in this respect 
Here product A shows extreme price sensitivity—a smal] 
change in price results in a large change in the number 
sold. Conversely, product B sales are relatively insensitiv« 
to price changes. 
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sible product. Customers usually perfect prod 
uct at a substantially lower price. 
The nearly perfect can be made and sold—for art’s sake 
or prestige, or because there is no alternative to porfection 
but then the few customers that exist for such things 
know they are buying perfection and price is unimportant 


) 
Alternatively, marketing can set a price and then r 


| 
quire the designer to produce the best product possibl 
for that price This is more common—but almost 
unrealistic as setting 
No one price is “id Change its fea 
tures, improve its ry in limits, it will be 
to ral he price. More important, all features 


racting custom 


ince the 
f improvements agait d | ind altered vo 
by 


ume they will cause volume 


eliminating the least att ive { : é so legitimat 


4 


obligations of e 


A clear-cut customer 


You can’t sell your 


to product engineering and pr r yet is often ignored o1 


overlooked. No singk type of , Shoe, paint, lawn 
mower, engine lathe or lamp bulb n serve the needs 
ill customers best. Even where | product would serve 
two different custome best it may be much harder 
sell it to one than the other because some non 
functional attnbutes are valued ey more than th 
functional ones 

It is essential, therefore, t istomer first 


before design starts and certainly before pricing 


QUALITY SENSITIVITY measures sales change as a re- 
sult of quality change. Some products—cosmetics, health 
products, high-prestige items—respond strongly to im 
provements in quality (line B, above). Others are not 
likely to respond to small changes in quality. Product A 


produces little increase in sales with increasing quality 
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And the designer, the advertisin 
force, and those re ponsibk for pri 
ill should have the same customer in mind 


A specific product type 


Economists have 
price varies from 
lled the “) 
Similarly there 
demand’ 


h dd 


. 
in stimulating 


maximum profit, pr y ization 
resources may eacl l ra difterent 1 ict 
ne sec PI 
You mu 
What 
there? 
> What 
tomer? 
3. H 


; 


nake 

+. He 

5. How 
ustomer? 

It is not th 
tion, but it is neces re‘ ind evaluate 
He should ask: Has the « 


Have his wants and preference 


cenner 


sonable sample with fair acc 


new or unfamiliar to potential cu 
} 


product 
early described in th ITve vy ph tograph 


~ 


features been 


or sample? Is there a difference between immediate and 


long-term reaction? What is the reaction 


have and at what 


competitive 


products; what features do they 


What the designer can do for the pricer 


His basic responsibility 
at low cost. His next responsibility 
market,” that is, to include something special in the 


of products for all important types of b r, considering 


segment 


both the utility and the luxury buver minimum pt 
can-opener won't interest a lady who wants a motor-d1 
opener in the latest fashion colors.) The designer whi 
to satisfy widely different customers with the sam«e 
uct design puts an enormou 
ization 

As price rises 
customer. Products must 
similarly functioning products, and | 
more. That’s a challenging assignmet 


very satisfying one 





designing 


HIGH-IMPACT PHENOLIC 


MOLDED PARTS 


Adding fiberglass reinforcement can make conventional phenolic resins 


a strong competitor to metals where shock loads are a problem. 


But the design criteria you use for unfilled phenolics don’t apply here. 


Author gives new rules, based on latest industrial 


MINERT E HULL, supervisor 
Molding Research and Development 
Durez Plastics Div 

Hooker Chemical Corp 


dustrial apph 
of the un 
wher 
housing 
nozzle 
glass fiber 
| l-impact 
ft-lb/in. of 
t can be called 
cordance with ilitary specifications 
replacing many metal parts whil 


vantageous properties other than stru 


mal and chemical resistance, dimen 
try ] 


ical and acoustical insulation, and 
stance 


Design Rules for Minimum Cost 


usual design practices for conventional unreinforced 


hile providing a good start, will not give 

laximum performance at minimum cost. Recent expe 
nce with the high-impacts by molders and materials sup 
e materials design is different 

2or d ad 


il accuracy 
yf info! 


| 


lled primar 
influences 


fibers give 


experience with these materials. 


becaust 1 
Reasonable tolerance 
imces are possible throug yrecise control 
mperature and pressure. Here, a zero-shrinkage mix 
sed, but size of the metal mold—which varies slightly with 
mperature and pressure—controls preciseness of the part 
Chis explains the 1. mil tolerance shown in the table for 


the zero-shrinkage material 


laper required in a mold is related to the molded 
hrinkage of the plastic used. Since glass-filled phenolics 
in be furnished with zero molded shrinkage, molds can be 
uilt with no taper when necessary. Cylinders up to 12 in 


1 and 18 in. deep have been produced. A taper of ‘° to 


text continued on page 


DESIGNED FOR 


THESE 6 5 
IMPACT PHENOLIC THESE SHOCK 
MOLDINGS ENVIRONMENTS @ ww 
Stud-welding gun Cropping in use » 

Rocket nozzle Thermal shock 
Compressor support Vibration 
Motor end-bell Factory abuse 
Clutch cone High friction 
Washer sheave Reversed torque 
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1—SHRINKAGE LIMITS FOR HIGH-IMPACT PHENOLICS 
(measured at 72 F) 
Shrinkage type Glass-filled 
I-stage 2-stage| |-stage 2-stage 2-stage 
(+1) 


sAs-molded, mils /in it MINIMUM 


0 0-1 o-1 < 
= Post-molded, mils /in 0-1 0-1 0-1 Bs INSERTS 


WALL AROUND 


Insert OD, Plastic wall thickness, 


lil—-MECHANICAL PROPERTIES COMPARED 
(measured at 72 F, with ASTM specimens) 


Phenolic Polyester 
Property {> 20% 
309 (mineral (cloth- glass) 

glass) filled) filled) 


Notched impact, ft-lb /in 9-24 
Flexure strength, psi x 1000 12-80 
Flexure modulus, psi x 10 3.0 
Specific gravity 1.81 


Nm ee WS 











WHAT ARE HIGH-IMPACT PHENOLICS? desirable f 
ee ; t-in. depth of draw 
These materials consist primarily of phenolic : 
resin and a reinforcing filler with colorants, lubri Wall thicknesses h 
ants and modifving fillers in proportions designed nches. Pre ferably, walis l¢ 
furnish the required molding characteristics n parts requiring 
and properties in the finished part. Glass fibers L iy require speci 
the most common fillers for maximum impact have been 
sistance. Other reinforcements are: sisal fibers, 
capacity of 
chopped cloth, cotton, or asbestos cord I 
. } . ] 
Usually supplied to the molder in the form of il hundred Ib and 
preimpregnated glass fibers, the high-impacts CCN produced 
; p S 1 , en resing lene ¥:4 ° ee " " 
two basic types of phenoli n depending Fillet radii should be 
storage chari ristics esiret } 
— haracteristics d :, ration in high-impact ph 
tage resins have the shorter storage life ; rat 
: ; the type of reinforcing fill 
they are prepared in one operation from : , 
than 4 in. and should be 
1e part formaldehyde, one part phenol : 
ine catalyst. These resins are heat- design permits Square 
d advance slowly at room temperature hould be used only wi 
epare tl ‘ resins ‘ ~| re ’ 
pared from the — i tored Inserts used to p 


because their shelf life is from 1 to 6 


hould have a coarse diamon« 


ize. Any metal is suitabl 


oom temperature 
ge resins are designed for longer storage 
formaldehyde to phenol in two steps iround an insert depend 
one part phenol and less than one part shown in Table II 
formaldehyde are reacted with an acid catalyst Holes can be mold 
produce a brittle resin. This is pulverized with should be in direction of the 
hexamethylenetetramine which, under heat, pro- mold pin producing the h 


es the extra formaldehyde needed to cure the twice its diameter. up t 
é eT, Uy 
Materials compounded from two-stage resin dicular to the molding f 


| 
be stored for years at room temperature and 1 | 
J hould 


§ be activated. Hol 

still retain their molding properties . 

‘ : : oe Fe edge of the part according 
Compression molding at to 350 F under 

; rules for inserts. Holes can 


to 10,000-psi pressure in full positive molds is 


. mh nis lec 
recommended practice with these materials ind finish-drilled 
ransfer-molding techniques are avoided because Chreads should be t Ipp 

y result in destruction or alteration of the rein- than 32 pitch Their depth 
forcing filler, with subsequent loss of strength 


Since unlfor bel stril on 18 ess i arts ’ 
Si ur m fiber distribution is essential, parts those made with self tapping 


ire designed to provide unrestricted flow in the = 
molding operation Stiffeners, such as ribs, bos 





not required for glass-reinfor 





64 
64 
32 
16 
4 
32 
16 
1/32 
8 
13/32 


wWwewnde-WUudw 


tion from molds with over 


rom * in. to several 


than in. should be avoided 
deep flow. Thicknesses over 
technique, but sections up 
ill size of parts is limited 
ses. Parts weighing sey 


n height and diameter have 


minimize tress concen 


moldings, no matter wl 


lat 
radius should not be les 
1s much more as the part 

radii less than 4 in 


lutely necessary 


ided holes for assembl 
| knurl for maximum anchor 
The plastic wall thickness 


marily upon insert OD, as 


! illed Molded are be st ind 
molding force. Length of the 


le should be no more than 


in. For a side hole, perpen 

material flow), the pins 
should be spaced from the 
to their size, following the 


be molded part-way through 


not molded, and no coarser 


should be three times thei 


diameter. Machine-tapped threads are 50% stronger than 


SCTCW 


ses and the like, normally are 
ed phenolics because modu 
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DIMENSIONAL STABILITY, both as-molded and aged, is 
a key feature in designing these high-impact moldings 
Clockwis¢ oil-pump gear 1 retain dimension as lubri 
cant temperature ris¢ line fits inside metal cover with 
no pull-away because of ) shrinkage control with resin 
lip ring is molded in pl: in zero-shrinkage resin to pre 
vent separation; aircraft sleeve bearing is molded around 


iner of Tefion cloth to give strength and tolerance contr 


lu : 
tion. Sp 
; oe mechanical 
Surface finish dw e rep ced ver ASTM pi 
ictly. Molds mu ghly poli nd free from und nonteiel 


na 


warpage 


uts or the reinforced phenolic will not rele bec: mpensate 
molded 
n the 


nd the 


Choice of color high-impact phenolics is limit 
4 <1 


hese phenolics are normally supplied in a natural tan 
brown color, which will darken with age or on exposure t 
unlight. This does i e properties of the mat 


rial. Epoxy-based paints have be: leveloped which a 


Specifying the Material 


ACKNOWLEDGEMENT 


ugh th IDO’ ign ru nical taff member Edw 


with fibergla 1 f dnp nol ev can guid Rainbridge for the 


EDITOR’S NOTE: ' ollowing chart for properties Comparisor f Phenol and Poly 
cent articles cover other aspé of For Better Phenolic Moided Parts ester Premix Materials, Mid-Sep ‘59 
design with phenolics oO ll id Sep 1 ‘58, p { rticle bring t ( ys nts det i data 
unfilled gether in ons 

Postformed Phenolics, Feb 1 the key rules for correct 
p 66—shaping parts fror re] ted ered ar shrinkage ler es art . ing meta 
sheet stock is often chea : nat reometry insé surface i More Work for High-temperature 
molding and laminating simulta marking, color, et Reinforced Plastics, Nov 2 9 p 5s 


; 


neously. Article gives design rules Selecting Plastic Laminates for itho erpret ; teadily growing 
Sandwich-panel Facing Materials, Punching, Feb 2 ‘59, p 57—ready-ref ard 
Apr 28 "58, p 80—second of three ar erence chart relates punching ease of per ire testing of phenoik iminates 


h-tem 


. . r y eT e fo 
ticles on modern industrial sandwic! various laminates, including several the eat-re 3 Tor 


structures describe materials that phenolic grades, with their me 
make the skins, with ready-referencs ind electrical properties 
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Monitors and 
controls pressure 
in any refining 

or processing 
application 


HONEYWELL 


PRESSURETROL 


® Suitable for all gasses, fluids and steam 
® Ranges from 30 to 3000 psi 


® Standard and explosion-proof models 
available 


© FM, UL, FIA approved 


Honeywell Pressuretrols precisely measure and control pres- 
sures of any fluid, gas or steam. They can be used to sound 
an alarm or control a valve, pump or compressor. These are 
heavy duty devices designed specifically for industrial use. 
The Pressuretrol can be flush or surface-mounted on a panel, 
or installed directly on a pipe. Settings are made with one 
high and one low pressure knob conveniently located on 
face of the unit. The mercury switch can be easily seen through 
a protective glass window. Depending upon pressure range, 
bronze, stainless steel and beryllium copper Bourdon tubes are 
available. Choice of control to make on pressure rise or fall. 
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Model P428 
Range (psi) 
30—300 75 
50—600 va 
100— 1000 12 
200—2000 24 
300—3000 25 


Model P444 


Maximum (psi) Range (psi) Maximum (psi) 





No matter what your pressure-control need, Honeywell can 
supply it for you. Call your local Honeywell office or write 
Honeywell, Dept. PE-3-41, Minneapolis 8, Minnesota. In 
Canada, write Honeywell Ltd., Seaside, Toronto 17. 


See us in Sweet’s 1960 Product Design Fike 


*Trademark 


: Section Sb- Min. 


Honeywell 
H) Tat Coal 


wontrwr 


— 


ce 1e66 
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S more ways to 


CHANGE STRAIGHT-LINE DIRECTION 


These devices, using gears, cams, pistons, and solenoids, 
supplement 10 similar arrangements employing link- 


ages, slides, friction drives, and gears, shown in last 
week's issue. FEDERICO STRASSER 


Mankowitz & Strasser Lid 


ntiago, Chile 



































Axial screw with rack-actua gear (A) and articulated driving rod (B 
are both irreversible movements e. driver must always dri 


Rack-actuated gear wit! 


ars is re 









































Articulated rod on crank-type gear 
with rack drive! Action is re Cam and spring-loaded follower allow 
tricted to comparatively short varied according to cam rist Moven 


movements 


PRODUCT ENGINEERING - MARCH 7, 1960 


DESIGN FILE 





For complete information 
Write, Wire, Phone or TWX 


PRODUCTS OF RESEARCH 


Ge ae Sie 


HEAT 
PIS 


Heat Resistance 
5 HOURS 400% Minimum 


Hardness 
150+KNOOP 


Brightness 
MIRROR 


Control 
ONE ADDITION AGENT 


Temperature 
Range 
65°F to 115°F 


Operation 
BARREL or TANK 


Fechnicinc 
SSS ee 





= P.O.BOX 965 PROVIDENCE, R.1. 7001 NO. CLARK ST. CHICAGO 26 ILL. 
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CHANGING STRAIGHT-LINE DIRECTION connec 




















Offset driver actuates driven member by wedge 
action. Lubrication and low coefficient of fric- 
tion help to allow max offset 





— = 




















=n 
i toe 


E- 
t-7 














Fluid coupling is simple, allows motion to be 
transmitted through any angle. Leak problems 
and accurate piston-fitting can make method 
more expensive than it appears to be. Also, 
although action is reversible it must always 
be a compressive one for best results 
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Sliding wedge 


is similar to previous example 


but requires spring-loaded follower; also, low 
friction is less essential with roller follower 
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Pneumatic system with two-way valve is ideal 


when only tw 


Action is irre 


o extreme positions are required 
versible. Speed of driven member 


can be adjusted by controlling input of air to 


cylinder 





Auxiltiory 
switches~ 
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Solenoids and two-way switch are here 
arranged in analogous device to previous 
example. Contact to energized solenoid 
is broken at end of stroke. Again, action 
is irreversible 


61 


BLAMING COIL BURN-OUT 
ON THE SOLENOID? 
THEN TAKE A CLOSER LOOK 


AT THE WALVE! 


' 
SPOOL and 
POPPET Valves 
bind and stick 
as dirt collects... 
overload solenoid 
and cause coil 
burn-out. 


“swéam. stac’ Valves 


are not sensitive 
to dirt... 

always retain 
solenoid power 
margin. 








D.C. SOLENOID “sméam seat 


VALVES 0 to 10,000 P. S. I. 


EXPLOSION PROOF A.C. and D.C. 


SOLENOID “swéam)séac” VALVES 0 TO 10,000 P. S. |. 


SPOOLS and 
POPPETS leak... 
can't compensate 
for normal wear. 


“swéarm. sta” Valves 

stay leakproof... 
a spring takes up 
the normal wear. 


ASK FOR 
CATALOG 
V-59-60 


CONTROL YALVE DIVISION 


arksdale valves 


5125 ALCOA AVENUE «© LOS ANGELES 58 «© CALIFORNIA 
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10,000R:S.I. 


(LWA VALVE 
FOR LIQUIDS OR GASES 


LOW HANDLE LOAD 
(ONLY 12 LBS. FOR 4” VALVE 
AT RATED PRESSURE.) 


90" TURN OF HANDLE. 
POSITIVE STOPS ON 
EXTREME POSITIONS. 





DETENT STOP IN CENTER 
(OPEN CENTER OR CLOSED CENTER 
FLOW PATTERNS.) 


STAINLESS CONSTRUCTION 
THROUGHOUT 


LARGE BALL THRUST BEARING 
FOR EASY OPERATION 


LEAK-PROOF “SHEAR-SEAL” DESIGN— 


This new four-way valve series comes in pipe sizes from 
Y%, to 1 inch, but may be obtained with tube, AND 10050, 
or any preferred special high pressure connection. It will 
withstand surges of up to 15,000 P.S.|. without damage 
to the valve's sealing qualities. It is designed for a burst 
pressure of 30,000 P.S.I. 


No port to port leakage occurs in the detented positions 
because of the exclusive ‘‘Shear-Seal"’ design. 


Long, maintenance-free service is assured because the 
optically flat metal to metal sealing surfaces of the seal- 
ing rings and mating rotor faces are protected by staying 
in constant intimate contact; flow is always through the 
center of the ‘Shear-Seal'’, never across sealing surfaces 
(as in conventional valve design). Sealing qualities actu- 
ally improve as the self aligning ‘‘Shear-Seals" lap them- 
selves to a more perfect fit with each valve operation. 


Of course, there is no external shaft leakage, because 
the pressure is confined to the flow passages. 


Write for Catalog 59-60 


arksdale valves 


LOS ANGELES 58 e@ 


CONTROL VALVE 
DIVISION 
5125 ALCOA AVENUE e@ CALIFORNIA 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Incandescent 
/omp 


Aperture 
plate ——_ 


/aterruptor 
dish — 
Surface-mounting panel 


Photocel/ meter .. 
pocket ited 


ral 


Shatt 


0.500 
1437 


Photoelectric pulse 


shaft-d 


generator... 
; | r t mp ilse 5 


W he I 


t da Interlab Inc, 437 Fifth 
Ave, New York 16 
Circle 302 on Reader Service Card 


Stand rd t wit t $ , leliv ' Industrial Div Expanded plastics tes 
Gurley, Troy, NY i \ ila 
Circle 300 on Reader Service Card 


Foam-plastic spray gun... 


/ 


l ires, 
zing. One trigger 


ivailable 


filling d re tion. Reeves Bros Inc, 1071 
Ave of the Americas, New York 18 
Circle 303 on Reader Service Card 


unit can operate 


Basic pt ( I pray gui ne pumping device 


itt 
} l 


1 operating ipacit\ 
on foam of | ( ) nin.) and ft of hose for connection Delivery time, 4 t 


6 wk. Binks Mfg ¢ o, 3114-44 Carroll Ave, Chicago 12. 
Circle 301 on Reader Service Card 
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COMPONENTS « MATERIALS *« PROCESSES 


continue d 





be used for sequential 


ne operation. Writing rates of 
per element have been achieve 
ent is applicable to facsimil 
icddre | ling and ‘T\ typ 
‘ M 


re produc ion ¢ 


' 
I 
I 

imul 


ig any number of dispersec 
ions. Electron Tube Div, Litton Indus 
, 960 Industrial Rd, San Carlos, Calif. 


Circle 305 on Reader Service Card 


Impulse relay . 
n-on Ontrol of |i TOTS, 
Smaill dick clutch . . . ind speakers, has contact arrang 
t il single or doul t sh t DPD Rated to 1500 w 
ump locked 


115 


Guardian Electric 
fg Co, 1621 W Walnut St, Chicago 12 
Circle 306 on Reader Service Card 


m-actuated contact 


Edgemont Ma 
chine Co, 2200 Home Ave, Dayton 17 
Ohio 


Circle 304 on Reader Service Card 


Proximity-switch control 


for heavy-duty industrial application 


Direct electronic printing tube vhich dog, pin or ait 


operat d o1 in be 


clutch is either ele 


ovid ( electrostat 1 ill modified te 


trical operation. Unit instantly stop 


pment wher detecte: 
example, where ferrous or nonferrou 


through, or by, the de 


ilfunction is l 


vetal parts pas 


tection coil). Robotron Corp, 21300 W 8 
Mile Rd, Detroit 19. 
Circle 307 on Reader Service Card 


Miniature acceleration switch 


bidirectional single-axis unit that closes 


tr ircuits In response 


haneenant 


} 


tion drops below preset value. Ci 


f gas-damped e1sm™mi system wit 


to pre set ac 


leration level resets whet 


of +10 to 30 g, accuracy of 


itability of 0.5 g, damping ratio 
of critical and temperature range 


to 250 F. SPDT switch normally 


opt vith itact ratings of 100 muilliamp 

ich. Weighs 1 oz; measures 144 x x in 
OD. W L Maxson Corp, 475 Tenth Ave, 
New York 18. 


Circle 308 on Reader Service Card 


Variable-speed drives . . . 
incorporate high-temperature 
tifiers, which provide 300% 


safety tactor 


silicon rec 
increase if 
Operate on 115 v, 60 
single-phase 


supply and provide ad 


de voltages for driving dc shunt 
for these three motor 
1) to & hp; 4, 4 and 4 hp; 
p. Offer regulation of 


speed speed range t 
1s sponse and vernier 
ed stment. Magnetic Amplifiers 
Inc, 632 Tinton Ave, New York 55. 


Circle 309 on Reader Service Card 


10-amp latching relay . 
I : 100 miliw minimum. Shock 
11 millisec 


cps Meets specifications 


g with 30 g vibra 
Miail-R 7 7¢ and 25 18 
DPDI nit with max coil dissipation of 


Min lif xp 


Available in 


tancy is 100,000 cycles 
F. Weighs about 1 oz. Babcock 
Relays Inc, 1640 Monrovia Ave, Costa 
Mesa, Calif. 

Circle 310 on Reader Service Card 


Near-zero lateral sensitivity . . 
ported for photoelastic strain gage, a 
ng uniaxial strain indicator. In 
in in direction of gage 
Lateral 


indicated. Requires no ex 


bending and 


umentanhon OI connection 
ment of visible interference 

strain magnitude. ( 
in two types, with 3- o1 
in. § Electronics & Instru 
mentation Div, Baldwin-Lima-Hamilton 

Corp, Waltham, Mass. 

Circle 311 on Reader Service Card 


Reverse- current relays... 


ump, are suitable 


vher severe 
ckout prevents 

lay due to vibration when gener 
Relay opens and 


differential 


ot ope rating 


no more than 


continu 
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How to keep in-line drives in line 
with today’s cost-reduction demands 


























‘ 
i 


Se ee 


- a 


an 


OpTIMOUNT Ratiomotor adaptability 
opens up endless opportunities for high- 
est efficiency in drives once restricted by 
the mounting limitations of gearhead 
motors. With OPpTIMOUNT optional 
mounting, you can choose from 456 
combinations and get the arrangement 
you want, ready to install, FRom Stock. 

You can order horizontal or vertical 
base mounted — with any shaft posi- 
tion needed — for any floor, wall, or 


CALL YOUR 
NEARBY 


DISTRIBUTOR 


BOSTON... 


OPTIMOUNT 


GEARHBE~.v “AOTOR 


WR 
Ke see “ae! 


. 


| Sa? 
mig ates ve 


ceiling mounting position. Any size you 
need, with single or double helical gear- 
ing, for 1/6 to 10 hp drives. Motor is 
readily detachable, can be changed in 
minutes. You can also order Oprti- 
MOUNT without motor, if desired, ready 
for attachment of motors you have 
purchased separately. 

Get complete information. Ask for 
Catalog No. 57. Boston Gear Works, 
71 Hayward St., Quincy 71, Mass. 


BOSTON... 


7 


™ STANDARO/IZAT/ION PAYS — 
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REARS 






































BS 
ra anew 
Advt. copyright by Boston Gear Works 


ORDER FROM YOUR 
LOCAL DISTRIBUTOR 
Get OPTIMOUNT 
arranged as specified, 
READY TO INSTALL 
Sean STOCA 


at factory prices 





DESIGN CONSIDERATIONS 


Indexing by SELECTED ACCELERATION 
for BEST MACHINE PERFORMANCE 


The Universal Cam Theory employed 
by Ferguson Machine Corporation per- 
mits utilization of an indexing mechan- 
ism with an acceleration characteristic 
selected on the basis of required per- 
formance to achieve zero backlash, 
extreme precision and long, maintenance- 
free life with the movement characteris- 
tics best suited for the application. 


Conversely, hit-or-miss methods of speci- 
fying a geneva or crank device and 
accepting the inherent acceleration, or 
specifying a single acceleration for all 
applications, nullifies many of the ad- 
vantages of new machine designs. 


Any type of acceleration may be em- 
ployed with the Universal Cam Theory. 
The three most frequently used by 
Ferguson are shown below. Each has 
particular advantages. 


FIG. 1 THE FERGUSON DRIVE 


Type | (Modified Trapezoid) 
«b 





— b 








cC~> 


Type lll 
(Modified Constant Velocity) 


d 

‘ 
c 
‘ 


All these Universal diagrams have an 
initial force of zero (a), a sinusoidal in- 
crease to maximum (b) and a final value 
of zero (d). 





Type! has the lowest maximum value 
and a somewhat gradual change to maxi- 
mum deceleration (c). Its indexing action 
is smooth and ideally suited for light 
duty, high speed applications. 


Type ll maintains relatively low maxi- 
mum values (b & c) and has an extremely 
smooth transition from acceleration to 
deceleration. It is recommended for high 
inertia, slow speed applications and 
where cam input torques must be limited. 


Type Ill has the highest acceleration and 
deceleration values among the three due 
to the constant velocity period (e). It is 
used where a constant velocity is neces- 
sary or where low impact force, low 
centrifugal force or a drastically smaller 
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cam is an attribute to the machine’s 


function. 
| 


Versatility of the Universal Cam 
Theory enables Ferguson to design 
cams of any configuration calculated 
to enhance the operation of a machine 


employing intermittent motion. 


Designs of other indexing devices, such 
as geneva drives and ratchets and cranks, 
do not permit the utilization of different 
acceleration characteristics. Their vibra-| 
tions are severe and operating speeds are} 
limited by poor dynamic conditions and 
backlash. In the case of a geneva drive} 
the value of certain points in the dia-| 
gram may vary according to the number | 
of stops the drive provides. However, the} 
initial force is always a significant factor, 
the rise and fall is sharp and the return | 
to zero is abrupt. 


Curves of the geneva, ratchet and crank 
and Ferguson Drive (Type I) show why 
the Ferguson Drive does what no other 
drive can do... and why Ferguson 
Machine Corporation is the leading 
designer and manufacturer of cams 
and cam indexing mechanisms. 

FIG. 2 dotted line — 
6-stop geneva drive 


broken line — 
ratchet & crank 
(modified cosine) 


solid line — 
Ferguson Drive, Type ! 
(modified trapezoid) 


ae o* Fe, 








Only the Ferguson Drive has initial 
and final forces of zero combined with 
low maximum values and a gradual 
change. The geneva and crank devices’ 
inherent characteristics are dynamically 
poor and restrict their usefulness for 
modern production requirements. 


Get more information on high speed, 
precision indexing. SEND FOR CATA- 
LOG NO. 160. It’s the most comprehen- 
sive catalog of intermittent motion equip- 
ment ever published, containing com- 
plete application data on index mechan- 
isms and tables, in-line machines, dial 
feeds and other standard components and 
machines. Be sure you have a copy. Write 


Ferguson Machine Corporation 
7818 Maplewood Industrial Court 
St. Louis 17, Missouri 


COMPONENTS * MATERIALS + PROCESSES 


. continued 


harging and battery voltages. Car 
ontacts make and break in advance 
ontact Safety Elec 
trical Equipment Corp, 1187 Dixwell Ave, 
New 


of maim operation 
Haven, Conn. 
Circle 312 on Reader Service Card 


10-durometer silicone rubber 
has exhibited good resistance to compres 
sion set and endurance in high-tempera 
t Available in sheets to 
14x 2lin + through 4 in 
Can be supplied molded or die-cut to size 
Edenville Plastics Inc, Mountainside Rd, 
Warwick 2, NY. 


Circle 313 on Reader Service Card 


en-aging tests 


, in thicknesses 


Size-11 synchronous motor .. . 
provides synchronous speed of 8000 rpm 
and pull-out torque of 0.48 in.-oz. Avail 
able with plain or pinion shaft. Operates 
26 v, 400 cps. Power requirement is 

3.4 w. Kearfott Div, General Precision 
Inc, 1150 McBride Ave, Little Falls, NJ. 
Circle 314 on Reader Service Card 


Constant-duty timer switch . . . 
has forced-advance drive. Surplus torque 
permits addition of actuating devices di 


rectly to drive shaft, often eliminating need 
for secondary electrical controls, such as 
ind relays. Intelligence drum can 
shaft to indicat 
Standard cir 
115 v, 15 amp 
for up to 24 circuits. Isc 
2 Elec 


noids 

rovided on drive 
n continuously 
Cam con 
lits can be 250 v, 25 amp 


Timers Co, Warsaw, NY. 
Circle 315 on Reader Service Card 


tronic 


Rack-and-pinion control . . . 
package combines four sealed ball joints, 
rack and pinion, and assembly hardware 
Design is said to be flexible enough for us« 
tht, steerable vehicles and equipment 


continued on page 
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The Human Eye, Nature's inspiration 
for the camera, can convert wavelengths 
of blue-green light measuring as little as 
400 microns into visual per< eptions that 
ore truly life-size. Yet this entire human 
mechanism occupies space less than 1” in 


diameter 


Tiny New Potentiometer,. shown 
actual size, is designed to add space 
saving precision to missile and aircroft 
servo mechanisms. Two MPB bearings in 
it assure accurate, low-torque shaft 

tion a vitally important benefit in s 


minicture components. 


Miraclesin Miniaturization © 


The Smalier The Better is often com- 
pletely true. Engineers now know that minia 
turization is the surest method of developing 
new or improved components for many of the 
latest developments in modern industry. But, 
as components become smaller, the problems 
of maintaining high precision and long service 
life become larger and the call for MPB 


bearings constantly increases. MPB answers 
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with the most experienced engineers in the 
miniature bearing industry, and advanced re 
search facilities producing over 500 types 
ond sizes of beorings from s” O.D. down 
with specials as required. We welcome your 
request for engineering advice, our catalog 
or both 


Write Miniature Precision Bearings 
Inc., 203 Precision Park, Keene, N.H. 


Man With Miracies. This is 
Hebert ne * MPB Sales 


Mar rice 
Engineer 


r se the « 


MINIATURE PRECISION 


VFB 


BEARINOS 
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ACTUAL 
SIZE 


SPECIFICATIONS Milliseconds (including bounce) 


Watts to Just Operate 
Contact Arrangement: Normally form A, form B, in combina- Switches Operate Excess NI over P.U 
tion form C per Coil Typical Coils 10 200 Release 
Overall length: 3-4 in. max. i - 0.8 0.25 
Outside diameter: 0.215 in. max. on 5 0.9 0.25 
Contact material: Gold 0.25 
Contact rating: 15 volt-amperes max., non-inductive: 1 amp. ~ 
max.; 250 volts max. 0.25 
Contact resistance: 25-40 milliohms. 0.52 K 2 0.25 
Life expectancy: At 14 volt-amperes (‘4 ampere, 28 volts dc), ‘ 0.50 
20,000,000 operations. ‘ 0.50 
At 7 volt-amperes (4 ampere, 28 volts dc), : : i 
100,000,000 operations. < . 0.50 


Minimum breakdown voltage: (60 cps) 500 volts rms. 
Insulation resistance: 500 k megohms min. At 200 NI 0.5 

. NTACT BOUNCE t 20U excess ms max. 
Low level load test: 8 microamps, 800 ohms, 250 millivolts, ane —_ a 


open circuit operated at 3 ips, 100 million At 400 excess NI 0.8 ms max. 
operations with no failures. No bounce on release 


At st operate” 0.3 ms max 





CLAREED 


The new CLAREED Sealed Contact 
Reed Relay effectively eliminates 
contact contamination. With its 
contacts hermetically sealed in con- 
taminant-free inert gas, this new 
design assures millions of perfect 
operations. Hundreds of millions 
are possible when operated at up to 


a New Concept in Relay Design 


CLAREED relays are ideal compo- 
nents for transistor drive applica- 
tions and for use in computers and 
data processing equipment. Their 
low inductance and the low induct- 
ance change in the operating coil at 
each operation limits the transients 
produced. Submit your packaging 


¥% rated contact load. problem for recommendations. 


e PACKAGED TO MEET YOUr REQUIREMENTS 


Ten CLAREED switches, 
mounted inlineona 
printed circuit board with 
five magnetic coils. This 
assembly can then be en- 
closed in the flat, rec- 
tangular container or it 
may be coated with 
“Skin-Pack,"' a tough 
vinyl plastic, and 
mounted directly into 
your equipment. 


Six CLAREED 
switches clus- 
tered for 
mounting in a 
single tube 
container. 





Important features of CLAREED relays are their simplicity 
and flexibility. They may be mounted to meet the require- 
ments of almost any application and environmental con- 
dition, even on your own printed circuit board 
with your mechanical design configurations. 


SEE IT 
AT THE 
IRE SHOW 


New York Coliseum 
March 21-24 


BOOTH NOS. 
2218 & 
2220 


to comply 


CLAREED relays are as flexible as your application requires. Consul- 
tation with your nearby CLARE sales engineer is invited. Additional 
information may be obtained from C. P. Clare & Co., 3101 Pratt 
Blvd., Chicago 45, Illinois. In Canada: C. P. Clare Canada Limited, 
Box 134, Downsview, Ontario. Cable Address: CLARELAY. Send for 
Bulletin CPC 5. 
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One word explains the popularity 
of these switches. 


Dependability 


Denison LOXSWITCH Limit Switches operate with the depend- 
ability of Old Faithful. Oil- and dust-tight features, superior 
electrical characteristics and mechanical design result in 
three to five times longer life than comparable switches. 





LIQOW HEAVY DUTY LIMIT SWITCH 


@ 45 CIRCUIT ARRANGEMENTS. 


@ LONGEST CONTACT LIFE due to lowest 
impact of 2.5 grams and minimum “bounce”. 


: DENISON. @ WATER., DUST- AND OIL-TIGHT, NEMA 12. 


@ ONLY FOUR MOVING PARTS. 
LOXSWiTcH Longer life, easier to maintain. 


@ 70° SAFETY OVERTRAVEL 
| without use of extra springs or cams. 


| @ OVER 150 LEVER STYLES. 





MODEL M PRECISION LIMIT SWITCH 


@ LONG MECHANICAL LIFE 
nylon latch mechanism. 


@ 600 VOLT INDUSTRIAL CONTROL RATING. 
@ COMPLETELY ISOLATED CIRCUITS. 


@ 6° TRIP DIFFERENTIAL, 
50° overtravel in both directions. 


@ PRECISION REPEATABILITY + .001". 
@ WATER-, OIL-, DUST-TIGHT — NEMA 12. 


@ FULLY INTERCHANGEABLE 
with thousands of existing layouts. 


BOTH MODELS AVAILABLE WITH PLUG-IN CONVENIENCE 
Write for literature describing our complete line. 
Address R. B. DENISON MFG. CO., 386 Broadway, Bedford, Ohio 


DENISON LOXSWITCH 


Wire with LOXSWITCH and you wire for good! 
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are available. St 
secured to pin 
vith assembly. Rep 
liable and longer lasting tha 
wrrangements or bent 
methods OEM p! d 
YT $4 each. Superior Ball Joint 
Corp, 9058 Trier Rd, Fort Wayne, Ind 
Circle 316 on Reader Service Card 


Electronic flush- -type latches . 
for black box re said to open q 
ind to provi ig sealing agait 
ment yi secul yver-center iOckin 
sed as handle wher 
tic weather f 
easily worked with a1 
d open |: hes al ot easil 
\ d 1 S Chemical Milling Corp 
1700 Rosecrans Ave, Manhattan Beach 
Calif 
Circle 317 on Reader Service Card 


FOR SYPHON DRAIN 


Flanged rotary joints. . . 
are equipped with machined str 
leev in which outside 
held t lose toleran 
rotating drum 
of mounting ft 
and drawn 


Available in 2-, 24 
or pm te 


nder | p in ! 
ad | Barco Mfg Co. De pt 
J-21, 500 Hough St, Barrington, Ill 
Circle 318 on Reader Service Card 


Miniature toggle switch . 
vely at 25 


ith SPD DPI 


+t Can } 
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floats? 


Nicholson can deliver precision welded floats 
—made to your specifications—to fit your pro- 
duction schedule. Use the above form to tell 
us how you want them. 


Here are the standard specs: 


@ MATERIAL— steel floats with chromium, cadmium or 
copper plating—with sandblast or pickled finish 
... Stainless steel and Monel floats—rough-buffed, 
polished or with welds ground smooth and highly 
finished. 

@ SHAPE—spherical, elliptical, cylindrical. 


@ SIZE—from 2 inches to 14 inches diameter. 


PRODUCT ENGINEERING - MARCH 7, 1960 


Name the way 
you want them! 


MATERIAL 
SHAPE 

SIZE 
PRESSURE 
QUANTITY 
MORE INFO 


Your Name 
Title 
Company 
Address 


See below for details 
Fill in blanks, tear out, and mail to: 
W. H. NICHOLSON and COMPANY 
Wilkes-Barre, Pa. 


@ PRESSURE— from vacuum to 4800 Ibs. 
@ QUANTITY —as many as you need. 


These high tensile strength floats have ex- 
ceptional resistance to pressure and corrosion. 
Float halves are die-formed, with inward rolled 
edges—not spun, laminated or electrodeposited. 
Today, thousands of Nicholson floats are in 
service— most as buoyancy mediums. . . many 
as fluid chambers and pressure vessels. Write 
for details about the full Nicholson line. 


W. H. NICHOLSON AND ComPANy, 12 OREGON 
Sr., WILKEs-BaRRE, Pa., Sales and Engineer- 
ing offices in 98 principal cities. 


of Wilkes-Barre 
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PALNUT Lock Nuts and FASTENERS —_ 
P e maintained or maintained-momentary a 
Eliminate tion of batt handle. Withstands 50-g min 

‘ sh 


ock and conforms to vibration and di 
° lectric requirements of MIL-6745. Behind 

one or more of. these assembly parts or operations panel mounting length is 45/64 in. max 
ic Control Switch Div, Controls Co of 

American, 4220 W Lake St, Chicago 24. 
Circie 319 on Reader Service Card 





2-position slide table . . . 


for varied metalworking operations is pow 
Ordinary 


: Sealing Washers Tapped Nuts ered by 3-in.-bore air cylinder or 2-in.-bor 


hydraulic cylinder. Stroke length is 

finitely adjustable from 1 to 15 in. by 
means of hydraulic cushions and stops 
Working surface of top slide member 
measures 30 x 12 in., and has two long 


tudinal, @-in.-bolt T-slots, spaced 6 in 
Threading Drilling Annular 


Holes Grooves apart. Slide assembly base measures 34} » 


163 in. Russell T Gilman Inc, 623 Beech 
St, Grafton, Wis. 
Circle 320 on Reader Service Card 


Spring tempered steel Palnuts, with the dependable 
double-locking thread form, are available in many 
stock types and sizes to meet practically any assembly 


need. Here are typical advantages: Pipeless flow-control valve . . . 


is noncompensated }-in. dual unit that 


@ Low cost—less than other locking devices, often less than ploin nuts. 11) provides separate, adjustable metering of 


@ Easy, fast assembly with ordinary manval or power tools, extra fast - fluid in each of two cylinder lines. In 
with Painut Megnetic Wrenches. stalled between 4. 3- or l-in. solenoid 


@ Save Parts. One Palnut replaces 2, 3, even 4 parts according to ontrolled, pilot operated valve and sul 


application. plate. Double A Products Co, Sub of 
@ Save Space by eliminating auxiliary parts. Brown & Sharpe Co, Manchester, Mich 


© Seve Weight— up to 85% reductions in fastener weight. Circle 321 on Reader Service Card 


@ May be removed and re-used. 


Thermistor sealed in glass rod 
adaptable to tempc rature measurement 
FASTENERS for Unthreaded Studs, Rods, Pins, etc control and compensation. Said to mak 


possible timing periods in electronic, R-C 


SELF-THREADING NUTS PUSHNUT® FASTENERS "Nee 4 | timing circuits that are independent 


changes in ambient temperature. Cold r 
Save threading costs. Form Simply push on unthreaded 
their own deep, clean threads studs, rod, wire or rivets. Strong : 
while tightening on studs of any spring grip resists removal. about 2 hm at 122 I lime constant i 
malleable material, including Save threading, grooving, drill- 2 vhen suspended by lead in still 
aluminum or zinc die-cast; also ing for cotter pins. Low in cost, sir at 77 J Available from stock. Delivery 
rods, shafts, wire or pins of fast assembly. Many types 


sistance at 77 F is 100 ohm; this drops t 


bout 3 ri $5.20 4 
steel, aluminum, brass or plas- and sizes. Su0u vk. Price, — per unit. Victory 
tic. Fast assembly with stand- Engineering Corp, 546 Springfield Rd, 
ard tools. Vibration-proof grip, Union, NJ 


panenguhe-enschehqeneneeird a Circle 322 on Reader Service Card 
move and reuse on same studs. oul 
Sizes for Ve", 4", ¥e" and 4" ‘ . . 
dia. Write for Bulletin 585-A y 
" ffered in production quantities. Als 


Write for literature and free samples, stating type, size and application. lable f +] coe t , led 
\ Ibi or re firs me are shingiec 
THE PALNUT COM PANY olar-cell assemblies with 10% min con 


Division of UNITED-CARR Fastener Corp. version efficiencies. High-efficiency cell 

65 Glen Road, Mountainside, N. J. ¢ ).4 x 0.8 in., have spectral 1 
Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. ponse of 4000 to 11,500 angstroms and 
operating temperature range of 85 to 
47 F.P of 10%-efficiency cell is $8.25 





10%-efficiency solar cells . 


LOCK NUTS and FASTENERS 





Quick, secure fastening at low cost continued on pag 
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WE TAKE THE PULSE OF BEARINGS ON TAPE 
TO MAKE THEM EVEN BETTER! 


ONE REASON WHY F-M SLEEVE BEARINGS 


and other F-M products give you the finest 
possible performance — this and the other 
unusual precision equipment used by 
Federal-Mogul research. You'll find F-M 
sleeve bearings used in turbines, engines, 
and countless other types of power trans- 
mission equipment . . . F-M precision thrust 
washers in pumps, automotive engines and 
transmissions, motors . . . F-M formed bush- 
ings in refrigeration compressors, electric 
motors . . . and low-cost F-M 
spacers in motor mounts, ma- 

chinery, control mechanisms. Fioeutl 
These are just a few examples. 
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TO TAPE-RECORD THE “HEARTBEAT” 
OF BEARING METALS UNDER LOAD, 
WE USE THIS SPECIAL FRICTION AND 
WEAR TESTER. (left) The result is 
highly accurate data on the behavior of 
bearing-metal surfaces, invaluable in our 
fundamental research into friction. By 
means of this instrument, we're able to 
correlate, more closely than ever before, 
specific alloy compositions with their 
degree of the “stick-slip” phenomenon 
(in which one surface sliding over an- 
other slides . .. stops .. . slides . . . stops 

. and so on) which accompanies un- 
lubricated sliding action. We can also 
determine accurately the compatibility 
of bearing materials with shaft metals in 
lubricated systems showing us which 
metal or alloy is most likely to be superior 
for a given bearing application. In short, 
this Friction Tester is a fundamental 
research tool which gives us positive 
answers to difficult bearing problems, 
faster than ever before 


p bee 


| 


je SSSEe SSeas 


There’s much valuable data in our Design Guides on sleeve bearings, thrust washers, and bushings: 
and in our brochure on spacers. For your copies, write Federal-Mogu! Division, Federal-Mogul-Bower 
Bearings, Inc., 11043 Shoemaker, Detroit 13, Michigan 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 


sleeve bearings 
bushings - spacers 
thrust washers 
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FAIRFIELD FACILITIES Ba 
Your 
Sowice 


Left —High accuracy balancing 
of rotating parts, including 
unusual off-center and coun- 
terweighted designs, con be 
handled rapidly and efficiently 
with the aid of this ingenious 
machine which utilizes strobo- 
scopic light to locate the un- 
belance, an electric meter to 
meosure the amount of un- 
balence, and oa drill, mounted 
integrally, to remove indicated 
amount of metal for desired 
bolance — followed by imme- 
diate inspection —all com- 
pleted in a single handling 


Below — Other examples of 
specialized equipment “at 
your service” at FAIRFIELD 


-gisnalt 


Balancing... 


—to give you 
1. TIME SAVINGS 
2. LOWER COSTS 
3. BETTER GEARS 


At Fairfield, YOUR GEARS are in the hands 

of specialists equipped with every facility for Gear Tooth Honing... 
handling production RAPIDLY, EFFICIENTLY, 

and ECONOMICALLY. Special or unusual 

requirements in design, size, finish, toler- 

ances, processing, materials, and heat treating 

are often “standard” at FAIRFIELD. 


Fairfield’s gearmaking facilities save capital 
investment for many builders, large and 
small, of power driven equipment. At Fairfield, 
you get the benefits of high production rates 
and big volume output in an ultra-modern 
plant designed exclusively for producing fine 
— poet ga customer; it pays! Bolt Hole Honing 


FAIRFIELD 


MANUFACTURING COMPANY, INC. 


2305 §. Concord Rd. Lafayette, Indiana 
TELEPHONE: 2-7353 


For ANALG 








Gears and Differentials mae] Mlade to Order for: 


TRACTORS * HEAVY DUTY TRUCKS * AGRICULTURAL MACHINERY + POWER SHOVELS AND CRANES 
MINING MACHINES * ROAD GRADERS + BUSES + STREET SWEEPERS + INDUSTRIAL LIFT TRUCKS 
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continued 


f to 999. In shingled a 
s are $6.75 each in quantities 
é Hoffman Electronics Corp, 
3761 S Hill St, Los Angeles 7 
Circle 323 on Reader Service Card 


Silver-zinc power pack ... 
is automatically activated in fraction of a 
nd, yet suitable for delayed use. In 
typical application, 28-v battery is 
imp, delivering 420 w 
un. Operating temperature range 
I Consists of 19 cells of 
1ominal capacity and has volume 
Weighs 11.4 lb, including cas 
heat ictivation mechanism and other 
hardware. Yardney Electric Corp, 40-50 
Leonard St, New York 13. 
Circle 324 on Reader Service Card 


Nylon snap bushings. . . 
for mounting holes varying from # to 14 
in. dia, fit into all panel thicknesses up t 
n. Stocked in black, with other color 
special order. Install in mount 
inder finger pressure, yet with 
push back test min. Bushing 
removed by compressing locking step 
UL and CSA approved. Withstand op 
rating temperatures in excess of 3 | 
F mp ire offered. Heyman Mfg 

Co, Kenilworth, NJ. 


Circle 325 on Reader Service Card 


Machinery-shim process . . . 

produces any size shim, from smallest 
12 x 12 in., at die cost of about $20 t 
$4 depending upon detail involved 
Shim in be made from brass, steel, stain 
bronze and any other sheet 
alloy. Process particularly suited to thin 
ns 11 to 0.010 in. thick. Dayton 
Rogers Mfg Co, 2824 13th Ave S, Min 

neapolis 7 

Circle 326 on Reader Service Card 


Light-medium-duty casters . . . 
include eight caster types. Have uniform); 
designed top plates, protective bearing 
dust caps and double-ball race constru 


tion. ‘Ti p plates in be fitted to bolt hol 


yntinued on page 76 
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THE RAW MATERIALS OF PROGRESS 


WFLUOREL 214 


BRAND ELASTOMER 


Its Mooney Scorch Rating is ideal for the fluorinated rubber 
processor because it makes possible fast, more economical cures 
with fewer defects, less scrap, fewer rejected parts. Material 
can be reprocessed with greater safety. 


A SIGNIFICANT BREAKTHROUGH in elastomer processing has been 
made possible by 3M research through development of its 


new FLUOREL 2141 Elastomer. 


This remarkable new product has a Mooney Scorch Rating 





MOONEY VISCOSITY 














MOONEY scorncH curve for FLUOREL 2141 
Brand Elastomer 


outstanding among fluorinated elastomers. The range per- 
mits the rubber processor to achieve fast, more economical 
cures with fewer defects, less scrap and fewer rejected parts. 
The inherent safety of FLUOREL Elastomer 2141 allows 
repeated reprocessing to produce high quality parts that 
meet military specifications or other critical end uses. 


At the same time, the outstanding physical qualities of the 
elastomer are retained. They include: non-combustibility, 
excellent resistance to corrosive chemicals, fuels, solvents 


Tiienesora [fining ano [fanuracrurine COMPANY ¢ 


and ozone, minimum compression set, rated for continuous 


service at 400 F ,and the ability to tolerate 600 F tempe ra- 


tures for reduced periods under certain service conditions. 
If you use or work with elastomeric materials, it will pay 
you to examine the remarkable features of this new product. 
Examine, too, your present rubber products with an eye 


use ol 


toward increasing their life 
FLUOREL 2141 Elastomer 


on your compan) letterhead te IM 
Dept. KAS-30, St. Paul 6, Minr 


and quality through 
For complete data, write today 
Chemical Div 


ision, 


esota 


FLuornet 214] “O”’ ring, bottom. Note freedom from defects 
because of the improved scorch characteristics of FLUOREL 
Elastomer “O” ring as opposed to elastomer at top of 


photograph. 
RE * M. of 3M 


CHEMICAL DIVISION 


Li >>, 
& A 


«++ WHERE RESEARCH IS THE KEY TO TOMORROW SW 
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in Fork digi de if 

f 24-, 34- or 5-in. wheels 
ivy steel throughout aster 
nachined from 12 page ee] 


piate ot gage teel. Colson 


7 S Dearborn St, Chicago. 
Circle 327 on Reader Service Card 


Multiposition swivel lock . . . 


1iows hing rip conversion of asters f 





li 
be milled 


at specified posit 


small and fine pitch gears °°" °i.:.% 8 = 
for precision equipment 


No matter how fine your gear requirements — Perkins can solve your 
problems. Perkins unique custom-gear engineering service, available to 
your engineering staff prior to the blueprint stage, will... eliminate tged-steel casters having ca 
production headaches . . . cut excessive costs. This service — recognized pacitics up to 3000 Ib. Hamilton Caster & 
by leaders in the radar, electronic and missile fields, and backed by 52 a Co, 1633 Dixie Highway, Hamilton 
years of custom gear experience — assures the precision quality needed to as 
guarantee trouble-free operation. Don’t gamble with gear performance 
... Perkins skilled personnel, 


yether wi > -to- 
together ith modern up-tc YOURS ON REQUEST 
date equipment guarantees Folder showing cus- 
fast delivery on prototypes tom gears Perkins has 


: from various 
or production runs. Call or oD 23 (temas 
> 


write Perkins for complete automotive, precision | 
information on custom-gear instruments, home | 
PERKINGS 


: . : appliances rtable 
engineering and a quotation 4) ater tu. 
on your requirements. Then and other products. 
judge for yourself. Includes Perkins fa- 

cilities for producing 
various gear types and 
_ sizes. Write today. 


erside of attachin 


Circle 328 on Reader Service Card 


Sensitive power relay .. . 


illows extremely low currents through a 
MACHINE AND GEAR Co. |  tuating oil, preventing damage to deli 


ite instrument-control contacts. Unit, 


which employs energizing coil in resonant 


Dept.72 West Springfield, Mass. ircuit, is operated by 0.019 amp through 
Telephone: REpublic 7-4751 Peceecals cers 
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AIR-POWERED LQUIPMENT 


COSTS LESS 
TO MAINTAIN 





PRESSURE REGULATOR 
AND GAUGE 





AIR-LINE 
LUBRICATOR 


with a 


Bellows LYBRI-AIR CONTROL UNIT 


HERE’S WHY: Once adjusted to the requirements of a particular air system, 
the Bellows Lubri-Air Control Unit automatically filters harmful 
dirt and moisture out of the air stream (40 micron filter element 
standard; 5, 10 and 20 micron units availabl iutomatically 
regulates air pressure by compensating for fluctuations in air 
supply and variation in cfm requirements of pneumatic equip- 
ment .. . automatically lubricates air-operated equipment by 
providing the correct amount of misted oil to the air stream. 
Bellows Lubri-Air Control Units are available in 4”, %”, ¥%e” 
%” and 1” sizes. 


OTHER INDUSTRIAL DIVISIONS OF B 11 W 

IBEC: Sinclair-Collins Valve Co., The S O — Co. 

Valvair, Akron, 0., V. D. Anderson c INTERNAT A) RA , RF AT f 

Co., Cleveland, Ohio. : . . pe ant 9 pean . saan 
P44 . 


675-C 
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te 
Se 


KENNAMETAL 
ROTARY — 
SEAL RING 


KENNAMETAL 
STATIONARY — 
SEAL RING 


™* 


Cross section view of typical 


unbalanced mechanical face seal 


utilizing Kennametal cemented carbides as seal ring material 


USE KENNAMETAL 


...and seal it for certain 


When even a /ittle leakage matters a lot 

. Kennametal Seal Rings can effect a 
substantially leakproof seal with a min- 
imum of lubrication. The following 
characteristics of Kennametal hard car- 
bides may be the key to your gas and 
liquid sealing problems. 


Exceptionally good dimensional stability 

Kennametal Seal Rings have no phase 
change upon heating and cooling be 
cause Kennametal has a more homo- 
geneous structure than other commonly 
used materials. Kennametal Seal Rings 
can be lapped ta a flatness less than 
half a light band, with a surface finish 
better than one-half microinch. Because 
of good dimensional stability, Kenna 
metal Rings retain their flatness over 
an almost unlimited range of operating 
conditions. 


Successful mating with rings of other 
materials-—When used against oppos- 
ing faces of graphite or carbon, Kenna 
metal Seal Rings have been found to 
greatly lengthen the life of the seal. High 
resistance to abrasion and erosion pre 
vent smearing or grooving out of the 
seal face. 


Strength without great mass—The high 
rigidity of Kennametal materials per 
mits more compact seal designs. A YME 
of up to 94-million psi (compared to 
steel’s 30-million) permits use of smaller 
width/smaller thickness rings. 


Corrosion/Wear resistance—Special 
Kennametal grades are available for 
applications involving mild to severe 
corrosion in combination with abrasion. 


an 


High temperature applications-—Kenta- 
nium,t a hard titanium carbide alloy, 
retains all of the foregoing advantages 
at higher temperature ranges 
Kennametal Seal Rings have been used 
successfully for all the following: gases, 
exotic fuels, Lox, Freon, fluids, slurries, 
acids, basic solutions, synthetic and 
petroleum base fuels, organic solvents, 
butyl extracts. Chances are we can help 
you with your sealing problem. 
Kennametal Seal Rings are available 
in complete seals from leading seal man 
ufacturers. For more information, send 
for these booklets: B111A—‘‘Character- 
istics of Kennametal,”’ B444A—-‘‘Ken- 
tanium.’”’ KENNAMETAL INc., Latrobe, 
Pennsylvania. 
*Trademark of a series of hard carbide alloys of 
tungsten, tungsten-titanium and tantalum 


Trademark 


Balanced seal for high speed/high tempera- 
ture application, utilizing a Kennametal! sta- 
tionary ring and Kentanium rotating ring. 


= KENNAMETAL Sn. 


LATROBE, PENNSYLVANIA 
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continued 
external contact. Has liquid mercury-t 
mercury contacts. Ebert Electronics Corp 
212-26 Jamaica Ave, Queens Village 28 
NY 


Circle 329 on Reader Service Card 
Linear-motion potentiometers 


ire used with hydraulic 


tuators to 


and electrical a 
measure linear displacement 
mperatures to 500 F. Meet 
or exceed applicable 
Measure 4 in. dia 


) 
Potentiometers areé 


ambient te 
military specification 
Said to have lineariti 
end-actu 
th various shaft coupling config 
Available with standard strokes of 
Edcliff 
, Mon 


in l-in. increments 
Instruments, 1711 S Mountain Ave 
rovia, Calif. 


Circle 330 on Reader Service Card 


Square developing tube . 
is used with white printer, which 
30 Ib Can be 


desk or table 


wall-mounted « 

Tube measures 30 x 
on each side of square and is mad 
transparent polyvinyl chloride to perm 
viewing of dev W hit 


Cuvya 


eloping process 
printer retails for $199. Grico Inc, 
hoga Falls, Ohio. 


Circle 331 on Reader Service Card 


Pressure-sensitive materials... 
for drafting a 
emplets, grid sheets, die-cut symbol 
Printed on sh 


resistant transparent materials. Temp! 


] 
pplications include tap 


; 


numbers and letters 


symbols, letters and numerals are pack 
Applied 
Graphics Corp, Glenwood Landing, NY 


Circle 332 on Reader Service Card 


aged as individually slit strips 


Electromagnetic valve . . . 


provides electrical remot 
liquids and gases at vacuum 
mately 10 psi or 4 in. mercury 

ng controls flow 
sed, and opens wh 
Opera 

onsumes about 
able unmounted, or mounted or 

bakelite baseboard with dust 
ible for work, 


continued on page 8 


laboratory chemical 
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From 
Illinois: Tool Works’ 
"  -atundigue 


j 


PYYPTYY V4 ———— 


SPIROID® GEARS 


gear economies 


with new gear efficiencies 


Csi 
& : ‘ 

Rail ) 
Shown here are typical examples of out- 
standing developments in right-angle 
gearing introduced bylilinois Tool Works. 
Pictured above is a Spiroid gear, the first 
major advancement in gearing in thirty 
years. 

Spiroid”® Gears dq the same job as worm 
gears with this notable exception: they do 
it more economically and more efficiently 
in tes$ Space. They aré recommended for 
application in the field of medium to high; 
ratio fight-angle gearing. For maximum 
economy they may be sintered, molded or 
cast if metal or plastic; however, even 
hardened steel Spiroid gears for maxi- 
mum power transmission are manufac- 
tured More cheaply than wort gears) 


SEND TODAY FORITHESE NEW 
GEAR BOOKKETS Free booklets are 


available giving com “Information on ! 
the desigm manysdcture, applications s 
; and we oo t each of these gears. — 
ion not Hie - ‘a Request r gOpies ‘ - 4 rT 
_.. Fy a” 2%. 
SPIROID DIVISION OF ILLINOIS TOOL WORKS W 


2501 North Keeler Avenue, Chicago 39, Illinois 





choose from 
Atlantic India's 


thousands of 
tuber 
molds and dies 


: A 40 year accumulation of molds and dies 


are now on hand at Atlantic India, ready ¢ 


to serve you. Chances are one of our 


: standing molds or dies will fit your needs. * 


If it happens that your application calls 
: for a unique rubber product we have years 


of “know-how” at your command. What ; 


ever your need, washers, gaskets, molded 
: parts, extrusions, sheet or sponge rubber, 
. 


Atlantic India is ready to serve you. $ 


SEND TODAY! 
Catalog No. 52 


158 pgs. showing : : 


Met India Rubber Wks., ne. 


Producers of the . Al aa N , line of Rubber Products 


573 West Polk St., Chicago 7, Illinois 
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DO 
YOU 
USE 


PRESSURE 
REGULATORS? 


SEND FOR NEW 


FREE CATALOG ON 


KENDALL 


and 


GOVERNAIRE 


= a ull 


RCHILD ENGINE & A 
INDUSTRIAL PRODUCTS BRANCH 
West Babylon, L:1., N. Y 
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. continued 


essing, machine-tool-coolant and lubricat 


ing control. When combined with adjust 
able timer, it can measure off accurate 
amounts. Can also switch flow on and off 
at preset times. Now in production as 
standard unit. Milo Mfg Co, 259 N Broad 
St, Elizabeth, NJ. 

Circle 333 on Reader Service Card 


Lightweight sketching tissue 
is primarily for idea sketches and quick 
roughs. Lightly tinted, yellow paper takes 
pencil, charcoal or crayon. Reproduces on 
standard diazo, blueprint and office-copy 
machines. Available in 50-yd rolls, 42 and 
48 in. wide. Keuffel & Esser Co, Adams 
and 3rd Sts, Hoboken, NJ. 

Circle 334 on Reader Service Card 


Dust-free cabinet . . . 

is illuminated work chamber 

filtration for max air 

on standard workbench¢ Self-contained 
ubinet provides high dust-arrestance for 
assembly, research and testing of ballbear 
ings, optical components and other 


ision instruments. Self-charging, el 
static filtration is said to have arrestanc« 
value of 95% on dust particles ranging 
from 0.08 to 80 microns dia. Specialties 


Inc, Skunks Misery Rd, Syosset, NY. 
Circle 335 on Reader Service Card 
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This trademark on a gear is the GUARANTEE of a qual- 
ity-conscious gear manufacturer. 

CINCINNATI GEAR has kept in the forefront of tech- 
nological progress in gear-making methods and equipment 
for over 50 years. The oldest “tool” in our ultra-modern 
shop is pride in true craftsmanship! 


Send us your prints for quotation. 


THE 
CINCINNATI 
GEAR CoO. 


Wooster Pike and Mariemont Ave Cincinnati 27, Ohio 
Custom Gear Makers Since 1907 


GEARS, good gears only 
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HIGH DENSITY 
POLYETHYLENE 


PROFIT PARADE 





Grace Plastic Goes into New Appliance Concept 


Are you working on a “new concept” product? High density 


polyethylene from Grace could provide a better answer to your 
product's unique requirements than any other raw material 
The Hoover Company reached just such a conclusion in screen- 
ing plastics for the motor housing of their new home appliance 
concept—an electric floor washer that cleans with its own 


detergent solution and dries by vacuum action 


Why did Hoover select Grex high density polyethylene? 


The motor housing has to be unaffected by moisture and the 
chemicals with which it comes in contact. It must withstand 
heat generated by the motor and possess high impact strength 
Its color—a primrose yellow—has to be an exact match of the 


other parts. Just as important, the housing must be light in 
weight, economical to produce and flame retardant 

By specify ing Grex, Hoover obtained the motor housing they 
needed. Although the requirements for your new product may 
not be the same as Hoover's, bear in mind that this Grace 
plastic offers many remarkable properties still waiting to be 
exploited 

Find out more about high density polyethylene by calling in 
the experts. Grace has the production facilities, technical serv- 
ice and experience to help put your product in the Grex profit 
parade. Everyone says we're easy to do business with 


Grex is the trademark for W. R. Grace & Co.'s Pol 


w.r.GRACE «co. \ 


POLYMER CHEMICALS DIVISION 
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Hoover motor housing points up con- 
siderations in designing for Grex 


Designing superior parts with high den 
sity polyethylene requires knowledge of 
molding and mold design techniques 
and the inherent characteristics of the 
material. A that 
went into the motor housing of Hoover's 


few considerations 
new electric floor washer may be help 
ful in your own designing for Grex 


Color match. High density polyethyl- 
ene flame retardant compounds, com- 
pared to natural high density polyethy! 
ene, are much more opaque white and 
therefore more difficult to color match 
However, it is usually easier to obtain 
a color match with flame retardant 
Grex than with any other flame retard- 
int plastic comparable in both cost and 
performance. In this case, a flame re- 
tardant compound was specihed for the 
motor housing The material was satis- 
factorily compounded to match a prim- 
rose yellow used for other parts of the 


ippliance 


on [hickness 


Sect 
design for this housing incorporated 


The original mold 


variations in wall 


be 


heavy sections and 


thickness which had to corrected 


before actual production These are to 
be avoided wherever possible as a cause 
of differential shrinkage or part distor- 
tion. As an added consideration, thin- 
ner wall sections result in economies in 
with proper molding 


material and, 


techniques, usually give a faster cycle, 


Call us for help. If you are now work- 
ing on a design for high density poly- 
f are just thinking about 
remember that 
Grace is ready and willing to provide 


ethylene—or 


some new project 


technical assistance. Bring us into your 


picture any time the sooner the better. 


Technical Service Department 
W. R. Grace & Co., Clifton, N. J, 
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DESIGN LITERATURE 


First into Outer Space 


THEODORE J GORDON and JULIAN SCHEER 
St Martin's Press, 175 5th Ave, New York 10 
52 x 8%, 197 pp. $3.95 


A popularized first 
a Douglas 
who was test 

Air lunar prohe 


1 5-page glossary of 


Gordon, 
conduct 


| orce 


technical dé 
interest Ke tate 
flight test seldom fails be 
inadequacy of design 
part fails. a 

link in 


juxtaposition ot 


SOTNIC 


1 basicalh 
ind 


end 


two-bit”’ 
latin-based words 
uusly the work 


but the idea is 


Introduction to 
Mathematical Thinking 


FRIEDRICH WAISMANN. Harper m 
E 33rd St, New York 16. 5% x of Nuclear Physics 
$1.40 . BENE, BEELER and GOLUB. D Van 
lhe author giv n insight it h Co Inc, 120 Alexander St, Princeton 
5 x 7%, 214 pp. $6 
With t 


& brs, «@ | Interlingual Glossary 


8, 260 pp 
Nostrand 
NJ 
nature of mathema 
rather thar 

1; 


mation, 
rems and complete 
Examples ind appl 
into the backer 
presentation of 
he book discu 
ture of the real: 
Leibniz and 
from intuitive 
differential and 
+] nt 


re eightec I 


} 
tions soared 
eriod of 
ned to th period 


the 


1 
} 


mat 


Aircraft Metals at 
Very Low Temperatures 
McGEE CAMPBELI CARLSON MANNING 
Battelle Memorial Institute [WADC Technical 
58-386 PB 151459 Dept of Com 
Office of Technical Services Wash 
25, DC. 82 x 11, 57 pp. $1.75 

t Mechan 

\ fr 


and 
Mathematicians 
nto ll 


intelle 
In odd 


ICTs 


1 new 


cont Rerort 


vonderful discov arte 


ngton 


ity that spread over th uundatior r 
Newton 


clear about the 


Leibniz and 


me 
Th 
but on the whole the 
tion of 
mall quantities 
dificult to say; 


scurity 


ning 
tial quotient 
calculating with 


What tl 


ind so a certain ob 


has been connected 


with n 
birth 


philoso 


finitesimal calculus” its 
Clear-thinkers, such as the a 
pher Berkeley, were not sparing with at ; Pect 


since 


their criticism. In the treat 





UNITED ELECTRIC 
Multi-Purpose 


PRESSURE CONTROLS J1| 440 | Molded a of tough, 
> Enclosed-TYPE J7 ~ | ohO nek-tesistant 


cinko NYLON 


- Weighing a total of approximately 28 ounces, 
the 1-piece frame and housing for the Powernail unit pic 


> Skeleton-TYPE J40 


tured is being mass produced here at Sinko. The Powernai! 


These controls are compact, precision-built, rugged Co. is one of many well known manufacturers who look to 
and inexpensive. Type J7 is ideal for controlling us for their needs in Plastic Molded Parts . . . economically 
air, gas or liquid pressures up to 500 psi . . . Type produced. 
J40 for pressures up to 250 psi. 
é WE MOLD ALL THERMOPLASTICS .. . from 2 to 175 oz. 
Adjustable Pressure $= J7 . . . various models cover 
Ranges; ranges between limits of 0 and 
500 psi 
J40 . . . various models cover 
ranges between limits of 0 and 
250 psi 





, , . Offices in Principal Cities Throughout the United States 
Switch Ratings 15 amps or 20 amps at 115 or - ° 


230 volts A.C., also D.C. switches CIRCLE 205 ON READER SERVICE CARD 
upon specification 

Switch Types N.C., N.O., or Double throw, no 
neutral position 


Electrical Connections) J7 . . . screw type terminals on MOORE 
switch standard there are 


J40 . . . solder type terminals on 


On-Off Switch __| Fixed and uniform throughout 


Differential) specified range is standard 


Mounting J7 ...¥%” NPT female, brass exactly right for any job 


fitting standard 


J40 ... Y%” NPT male, brass and you can get them FAST 


fitting standard 


Variations Design variations are available 


upon specification 
Applications On industrial equipment and en- 
gine applications marine, air- 
craft or special purpose 
Although UNITED ELECTRIC offers a complete line of oa 


temperature, pressure and vacuum controls . . . UE 
application engineers specialize in solving unique Dependable delivery — ample pro- 
problems. duction capacity assures that you get 
any order, large or small, on schedule 


Send for full particulars today. Bulletins avaii- Uniform high quality — modern 
equipment and methods and rigid 
quality control guarantee precision 


Type J40 . . . Bulletin No. 5-9 quality. 

Advice of specialists — expert engi 

neering assistance, backed by 80 years Moore set screws simplify design, 
ef experience, is available to help purchasing, production. Send for 


United Electric Controls iano Scranke 


6 8 eee by aeke?; 8 2m George W. Moore, Inc. 


since 1880 
SET SCREWS 92 Beaver St., Waltham 54, Mass. 


able upon request. Type J7 Bulletin No. 5-7, 
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clastic modulus ultimate ind yi | N gS | D E AN D @) U T 
strengths, true breaking stress, elong 
tion, reduction in area, notched ten 


sile strength, hardness and impact 


DESIGN LITERATURE ve 


A New Science Series 


The Neutron Story DONALD J HUGHES 
Doubleday & Co Inc, Garden City, NY. 4% 
x 7, 158 pp. 95¢ 


Magnets,” FRANCIS BITTER. Doubleday & 
Co Inc, Garden City, NY. 4% x 7, 155 pp 
95¢ 


hese are the first two of a planned 





series of paperbound publications t 
offer students and the general public 
the writing of distinguished authors 
on the most stirring and fundamental 
topics of physics lhev are written 
quite definitely—for the younger set 
with frequent use of such words as 
stirring’ and “fascinating.” There arc 
some color plates; but most illustra 
tions are of the rough-sketch ty 
Most engineer ind most ( 
minded future engineers, will find 1 
books quite clementat judging 
least by the first of the 


Mechanisms & Motion 

K H HUNT. John Wiley & Sons Inc, 440 4th 

Ave, New York 16. 51 x 914, 114 pp. $4.25 
This book perhaps could have been 

entitled “Kinematic of Mechanism 


7 (R)* 
Sakae Ge tame Geb I Riad . & ives 
found under this heading. But, u on y g 


dditio it present ( r mm od n 

leitine then! eatatuas tii, | you more quality features 
ind in providing a fo ( rule ; 

the dire tion and th ( EQUIPMENT MOUNTING: Adjustable panel 
Corioli mponent of accelerati mounting angles on all vertical panel space open- 
ings allow for easy recessing of equipment. 


FRAME COMPONENTS: Choose from hundreds of 
components . . . doors, side panels, drawers, etc. 
. in louvered, perforated or plain styling. 


STURDY CONSTRUCTION: Heavy 14 gauge, prime 
quality, cold rolled steel offers rugged structural 
support . . . higher load carrying capacity. 


@ onc LASTING FINISH: Light and dark gray 
metallic baking enamel applied over “BONDERITE” 
for a pleasing, dignified two-tone contrast de- 
signed to blend with equipment and colors in 
any application. 











Over 600 frames that can be joined side-by-side, 
front-to-back, back-to-back, one above the other, 
or in any combination thereof for versatility in 
control center design. 





WRITE FOR CONDENSED VERSION OF CATALOG 106 
Originators of the Modular Enclosure System 


ELGIN METALFORMERS CORP. 
630 CONGDON, DEPT.1240 + ELGIN, ILLINOIS 


/ *Registered Trademark of Elgin Metalformers Corporation 
/i/ 7 oe” 


Visit us at Booth 4420-4424 during |.R.E. Show, New York Coliseum 
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DESIGN LITERATURE 
4 1-1 Se 
VERSATILITY! 


One 


mechanisms. 


chapter also introduces 


sp 1c 
readers 
attack 


svnthesis of 


However, some 


may regret that a more direct 


has not been made on 


mechanisms in these pages 

l'opics covered are: vector methods 
in kinematics, general motion of rigid 
bodies, hinged-plane mechanisms, de 


grees of freedom of rigid bodies, plane 


mechanisms with sliding and higher 


vairs, and space mechanisms 


I 


Arrangement of Groups 

of Men and Machines 

THOMSON, COVNER, JACOBS and ORLAN 
SKY. Dept of Commerce, Office of Technical 


Services, Washington 25, DC. 8 x 10%, 127 
pp. $2.25 


This is the recent addition 
published by Office of Naval Re 


search) to the government-sponsored 


most 


series on human engineering. It an 


swers questions of how best to arrang« 


pace in small working areas and com 


OR TO DETACHABLE COMPONENTS yartments and how to arrange major 


ymponents (displays, controls, plot 


ting boards, maintenance spaces 


] 
within — the working compartments 
sketches il 


ymmended lavouts 


Hundreds of dimensional 


lustrate rec 


Operational Calculus 


JAN MIKUSINSKI 
E 55th St, NY 22 


Operational 


Pergamon Press Inc, 122 


7 x 10, 495 pp. $15. 
calculus had 
is the | 


century, 


been 
OR FORMED AS THE PART ITSELF 
eginning of the 


1 : 
KNOWN as Ca;©ly 


nineteenth but its develop 


ent and popularization was due t 
iter work of Heaviside, 


it widely to 


t 
] who ap 
] 


ELECTROMESH 
HEATING book is a methodical presenta 


ELEMENTS ~ f a theory 


in the 


VM ith 


problems in elec 


published by th 
vears 1950-1957. to 


n reliability is obtained with applications It is written 
mesh heating e ement 
arried by 36 paralle 


of conductor ais 





erwoven perpendicular to the 
the event of broker 

artia} open rcuits, these < 

; buss bars redistributing 


estoring the element to fu 


TAFE 


ME TALLURGIST 


J. Jowets 


ut any material 


Din ul 
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Annsuncing ...the latest 
addition to our family 
of quality products— 


MEYERCORD 
DRI-MARK | 


FILMS 


DRI-MARK . is Meyercord’s newly 
perfected line of PRESSURE SENSITIVI 
signs and trade marks produced as dura- 
ble Truck Signs, Window Signs, Name- 
plates and Product Markings. These 
startling new films include: 


DRI-MARK DRI- MARK 


DEcat ~x VINYL - 


DRI- MARK DRI- -MARK 


MIRRO-car +m - 
MIRRO-cau - 


A murrorized Mylar* 
viny! laminate Chrome bright mirror zed 
fim (1 mil and 3 m 


RI- ARK 
ri DRI-I -MARK 


CLEAR wyiae 


*A DuPont eavare fim 


These high tensile strength PRESSURI 
SENSITIVE films and laminates give the 
greatest possible latitude and flexibility 
to the Meyercord line of products, 
adaptable to all of your sign needs 

DRI-MARK Decals are processed 
with Meyercord’s own exclusive PRES- 
SURE SENSITIVE adhesive—another de- 
velopment of the firm that for 64 years 
has maintained the world’s undisputed 
leadership in development and produc- 
tion of Decal products 

Meyercord’s in-plant Research, Art, 
Production and Service facilities assure 
the most careful processing and quality 
control 
Remember, when it's DRI-MARK it's 
MEYERCORD! 


with MEYERCORD 
COLORGARD 70 


ai! Meyercord ORI MARK films 
IRGARD 7 Meyercord s 
perfected clea 
durable coat yet pr 


eveloped and 


Whatever your sign needs, you owe it to yourself 
to investigate Meyercord’s complete line of products. 
Our factory trained representatives will be glad to 
assist you in the proper selection of markings for 
any particular requirement. Write today. 


G Nhe MEVERCORD, co. 
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HARDNESS ELASTICITY 


Fhe 


Elongation of 500% to 800%. 


a ‘combination’ property of Urethane Elastomers 


The use of urethane elastomers for cast gears, inserts and similar Other Combination Properties 
parts permits a wide range of tolerance in design with resultant . ; 
economies in manufacture. Their high elasticity allows minor mis- of Multrathane-based elastomers: 
alignments and imperfect fitting prohibitive in all-metal construc- WEAR RESISTANCE—( - 
tion. For example, flexible couplings with connector discs of solid strength, abra esistance a 
urethane permit up to 0.040 in. linear and 12° angular misalignment 
i — 5 5 CONTROLLED FRICTION—Hig 

without malfunction. Setntinis ineasls eount 

S Z ‘ do S$ po 2c Wi 7 »plicati rmne 

Similar design freedom is possible with many applications where SOLVENT RESISTANCE—Oil immer 
high hardness, tensile strength, abrasion and solvent resistance, 100 hours with ne 
and toughness are critical requirements. Parts designed for screw-on, 
snap or compression fitting, fastening with bosses, dovetails or 
grommets, may all be cast in simple, inexpensive molds at pro- 
duction-line speed. 


giigibie Loss 
AGING RESISTANCE—Exce 


oxygen and weathering 


SHOCK ABSORPTION—Hig! 

; : dampening and shock absor 
For optimum properties and performance, be sure to specify 

elastomers made of Multrathane® chemicals. Write Mobay for 

technical literature and a list of licensed elastomer fabricators. 


MOBAY CHEMICAL COMPANY 
Dept. P-15 Penn Lincoln Parkway West 
Pittsburgh 5, Pennsylvania 2 
Mob suppli uitrathan mi n h- j 3 
aan ace por egg ae cha Mi ai fad 
iret in Ure ne try 
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DESIGN LITERATURE 


to be of use both to an engineer, wh 
gards the operational calculus mere] 


1 1 tor ind to the read 


)] in his work 

who is interested in proof of theorem 
ind mathematical problems for thei 
vn sake 
Operators are introduced algebrai 


cally as a kind of fractions. They are 

generalization of the concept of num 
bers: operations on them are performed 
in the same wav as operations on num 


bet Chis treatment may be simpler 


ind more general than that presented 
in other books (which base their ex 


position on the Laplace transform 
and can be understood by readers who 
ire not acquainted with the theory of 


inalytic functions 


Correction 

Che book “Modern Electronic Com 
W A Dummer, Head 

Re y¢ irch, Develop 

sting at Roval Radar I 

Ministr of Supp! 
ed Kingdom, w 
2 ut an address from 


. 
Chis pub 


reviewed in th 


order d 
from Philosophi i] 


40th St, New York 


ABSTRACTS 
FROM THE LITERATURE 


Strength-rating Helical Gears 
After discussing factors for 
rength f helical gear teeth as 

formula develo l 
Manufactur 


mmiutte ! 


Phi 


rating 


included. 


An Analysis of Factors Used for 
rating Helical Gears BS. g 
Corp; ASME paper 59-A-121 
39th St, New York 18 


Strength 
Wellaver, Falk 
ASME, 29 W 


Vacuum-pump Oils 
Special oils of low Ipor-prt 
ybtain the best re 
s. Howev 
iS exposed t 
ntamination from ind other va 
media that the vacuum pump ha 
the oil’s seal 
ind lubricating effectiveness. R 


these contaminants thr 


handle; the reduce 


ntinuous conditioning of the « 
no* only improves its lubricating value, 
nit also increases pumping speed and 
ultimate vacuum of the system 
Conditioning of Vacuum-pump Oils,” S. F 
Bowser Co, Hamilten, Ontario, Canada; Lub- 
rication Engineering, Dec ‘59, 5 No. Wabash 
Ave, Chicago 2. 


Multivariable Experimentation 


\s an aid to studies of complex 
systems, a non-technical description 
is given of some of the statistical de 
sign techniques that have been devel 
oped during the last 15 years. Dis 
cusses selection of the variables in a 
given experiment, together with meth 
ods of determining the best experi 
mental techniques. Bibliography in 
cluded 
Multivariable Experimentation W. J. You 
den, National Bureau of Standards; SAE 
Paper 116A. SAE, 485 Lexington Ave, New 
York 17. 


How to Use the Library 


Discusses five basic considerations 


that should help the engineer use the 
technical library 


with maximum efh 


function of the 


nev: | librarian; 


uses of card catalogs; 3) indexes 


ind abstracts; 4 
handbooks and 


bibliographies; 5 
manuals 


Literature Engineering—or, The Why’ and 
How of the Engineer in the Library,” Robert 
E. Runser, Technology Dept, Detroit Public 
Library; SAE paper 124B. SAE, 485 Lexington 
Ave, New York 17 


Abrasive Compounds 


usses the two primal 


UTTINE mpounds—th 
: ; 
nout abrasive rains 


wit 


cusses the effects of particle size and 


hoy 
how 


, , 
particles are reduced in Si 
ring barrel 


Also discuss¢ 


itv of size and toughn 


finishing 


the grains, and relative advantages and 


disadvantages of various types of grain 
Abrasive Compounds in Barrel Finishing, 
Arthur S. Kohler, Frederick Gumm Chemical 


Co, Kearny, NJ; Plating, Jan ‘60, 445 Broad 
St, Newark 2. 


Physiological Responses to 
Mental Tasks 

his is a report of a study of the 
variations in several types of physiolog 
ical responses to a systematic program 
of mental tasks of varying difficulty. 
Effects of Mental-task Difficulty on Physiolo 
gical Response,’ Glossner and Peters, Engi 


neering paper 848. Douglas Aircraft Co, El 
Segundo, Calif 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be 
low cle corresponding number on post 
cara nside back cover 


ALUMINUM IMPACT EXTRUSION 
Handbook, 34 pp. Updated guide to the 
xtrusion process, design character 

pe of design, and applications 

Alcoa 
ing, and property chart of al 
Aluminum Co of 

1501 Alcoa Bldg, Pittsburgh 19 
Circle 340 on Reader Service Card 


information on facilities 


in process 


INSULATION 
( properties, characteristics and 
Mica Insulator Div 
& Mfg Co, Schene 


MICA PAPER Booklet 


mons 


ta Miu 
Circle 341 on Reader Service Card 
ORGANIC HEAT 


HANDLING-—B 


a £ ! van 


PRANSFER-FLUID 
tin 6, 9 pp Discusse 
heat-transfer fluids and 
Fostona 
n Valley 


inned pumps 


PO Box Huntingd 


Circle 342 on Reader Service Card 


MECHANICAL BREADBOARD COM 
PONENTS—Booklet 14, 24 pp. Design 
t ndations for use of mechanical 
readboard components in  actual-scal 

mod Pic Design Corp, 4 
Ave, East Rockaway, NY 


Circle 343 on Reader Service Card 


FILTRATION EQUIPMENT 
GEO 6A, 8 pp 


Catalog 
Describes filters and 
n media. Information is classified 
ise, Operating pressures and 


il Filters Corp, 2 Main St 


Ma 
Circle 344 on Reader Service Card 


PINS, STUMPS AND RIVETS—Catalog 
+ pp. Dis 


ghtweight 


usses various tension and 


fasteners, driving cycles 


continued on page 90 
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RZEPPA Universal Joints Transmit 
Torque Smoothly—Even At High Angles! 


Rzeppa universal joints transmit 100% precision-smooth torque 
continuously—at angles of 35° and higher! Constant velocity 
action completely eliminates chatter, roughness and vibration 
Size for size, you get longer shaft and bearing life, higher torque 
capacity with Rzeppa joints than with any other type! 

The secret of Rzeppa’s uniform power flow is that the driving 
balis are always in the bisecting plane of the driving and driven 
shafts. No matter what the shaft angle, torque flows evenly at 
constant velocity. 





Rzeppa constant velocity joints are available in a wide variety 
of sizes, styles, angles and speeds. Rzeppa joints have been used 
successfully in equipment ranging from giant road-building and 
mining equipment to the most intricate aircraft and missile 
applications. 











“MX” Type CV Joint (%” to 

3%” swing diameter) .. . de- 

signed primarily for high speeds, 

low angles... blowers ¢ com- 

pressors ¢ servo motors °¢ 

aii r pumps ¢ control devices « fre- 

. eS) quency converters ¢ missiles « 
aircraft e¢ dynamotors 


Bell-Type CV Joint (15 
“OV” Type CV Joint (24%’ eters) designed for 
maximum swing diameter) axles used in road building mac! 
designed for smaller chinery ¢ industrial * automotive applications 
applications ordnance 
¢ machine tools « servo 
mechanism «¢ farm equip- 
ment ¢ automotive equip- 
ment 








WRITE 


for this new engi? 
ing data folder « 
complete 
Rzreppa constant 
ity joints. No cost 


Disc-Type CV Joint (from 2% obligation to you 
to 16%” swing diameter) 
designed for all types of indus- 
trial drive applications where 
constant velocity and trouble- 
free service are required 


Please send my cog f on-V EW engineering data 


folder on CV universe 


on-Ver Division |” 


DANA CORPORATION - 


3901 Christopher City__ 
Detroit 11, Michigan 
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DESIGN LITERATURE 


ypical applications 
Mfg Co, 2480 B 


Det } 


Circle 345 on Reader Service Card 


FASTENER APPLICATIONS 
hur 7 pp 17 case histor fa 
savings are illustratec 
ibed. Tinnerman Products Inc, PO Box 
688, Cleveland | 
Circle 346 on Reader Service Card 


] nd 
I na G 


CHAIN AND SPROCKETS—Bulleti: 
A691, 56 pp. Presents selection data 
specifications, list prices and general 


rmat Dodge Mfe ¢ rp Mishawaka 
Circle 347 on Reader Service Card 


ELECTRIC TACHOMETERS—Cata 
+ pp. ¢ vel tachometer indicator 
t generators fo! rometer 
Madison Electri -roducts Inc, Mad 
Oh 
Circle 348 on Reader Service Card 


BUTT-JOINT FITTINGS—Catal 
+4 pp t zes and materia 


is laboratory reports and assembly in ¢ isting of cables vs applicable con 


structions. Imperial Brass Mfg Co, 6301 rector ilitates selection of connectors 
W Howard St, Chicago 48 specific cable. Also includes guide f 
Circle 349 on Reader Service Card adapters between series. Schweber FE] 
0 Herricks Rd, Mineola, NY 
ELECTRICAL CONNECTORS-Bulk Circle 353 on Reader Service Card 
4 pp. Discusses basic design of 
NET WEIGHTS AND STRENGTHS 
haracteristics. Describes standard in OF WIRE ROPE—Bulletin 6025, 4 py 
k stvles. Joy Mfg Co, 1201 Macklind In addition to net weights and strengths of 
St Louis vire rope, bulletin explains and describ 
Circle 350 on Reader Service Card mstructions and types. Macwhyte Wir 
Rope (¢ Dept PR, Kenosha, Wi 
Circle 354 on Reader Service Card 


rs, performance, special design 


AIR-PRESSURE AND GAS-DENSITY 


SWITCHES—Data sheets (4), 2 pp eacl . ? 
- maki pp es MAGNETOHYDRODYNAMICS- Book 
pecifications haracteristics, typical ap d : 

4 pp. Outlines work done at GI 


plication and dimensional drawings for 
iences Laboratory in extracting 


absolute-air-pressure switches and tw 
gas-density switches. Newark Controls (¢ 
Ward St, Bloomfield, NJ 
Circle 351 on Reader Service Card 


r directly from ionized gas a 
rough a magnetic field. G 
Co, Philadelphia 4 

Circle 355 on Reader Service Card 


CARBIDE PRODUCTS—Booklet, 5 py 
s properties and characteristi 
produ ts deve 


1emicals orn 


PHASE-SEQUENCE RELAYS—Bul 


+ pp. Presents 18 standard pha 
, ays that offer automatic mor 
f three-phase power. Master Sp 
and high temperatu: . bine ( <6 E 108th St. I we 
Co, Dept BMD, Niagat 

; : Circle 356 on Reader Service Card 
Circle 352 on Reader Service Card 


FABRIC, FOIL, PLASTIC AND FILA 
CABLES VS APPLICABLE CONNEC MENT PACKINGS—Catalog an 
tion guid + pp. Cross-ref t Ni nstructi : 





now... 
>VM makes 
nmcrofilm 


SO easy 
to use 
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trated in cut vy drawings overs com 
position, application, service information 
ind temperature limits for each packing; PERSPECTIVES 
izes, lengths and weights; standard packag 
and prices. Greene, Tweed & Co, N 
Penna 
Circle 357 on Reader Service Card if You Haven't Written, discipline and 
You Haven't Thought up Dderore the} 
TESTER—Data t, 2 pp cholars. 


PUSH-PULI 
[lusts Just what is a scholar? Must he Some 


it ind de I 


tend that can be used wit of fix pend all his time in a_ university cholars ask seem ¢ 


> “— 
library or laboratory Or are his carcely worth askins 


25 Ib. Testing hines Inc hief characteristics the same as those ne The 
l'urnpike, Mineola, NY . 
Circle 358 on Reader Service Card 


] bout ‘ 
iSK avOUT 
: , trit 
f open-minded searchers after truth protons, the dating of a Roman co 
1 all professions? 


Dr Edmund S. Morgan is a professor inquires of one of them why he want 


f history at Yale. A talk he made to ' 
s vear’s class of freshmen was pub 


structure of a poem. If the work 


know the il 


PRINTED-CIRCUIT-BOARD HOLD 
ER ( ita +S h t Ppp pe iti n 
; lished in the Saturday Review. Her 
Dent 13 th enn is a much condensed version of his 
talk 
Circle 359 on Reader Service Card The work’ does not mucl 
iriosity. The world says that 
DESIGNING FOR CHROME DIFF killed the cat. The world 
SION ALLOYING—Bulletin 4 uriosity by calling it idle 
Neco idat ts t rt though curious persons aré 
dle Parents do their best to extin 
guish curiosity in their children 
yuse it mak life difhcult t 
PI oe faced every day with a 
N\ inanswerabk 
Circle 360 on Reader Service Card vhose 


M@ Each month more and more companies are turning to microfilm for engineering drawing 
reference systems. The reasons are many—but, most important is that 3M’s new THERMO-FAX 
‘‘Filmac 200"' Reader-Printer makes microfilm so practical—-so easy to use. §§ The ‘‘Filmac 200 

Reader-Printer combines the advantages of a reader and a printer in a single low-cost unit. You 
can refer to the enlarged drawing clearly projected on the big screen, and make a work-size print 
in seconds. You can take more than a look—you can take a copy. You make copies of what you 
need when you need them. So low in cost, it puts microfilm in reach of even the smallest en 
gineering firm or department. §§ If you are now using microfilm you wili find the ‘Filmac 200°’ 
Reader-Printer will fit into your present reproduction system perfectly. Engineers save valuable 
time--in seconds your reproduction department can make enlarged prints for them—or they 
can even make their own. If you are considering microfilm, investigate the ‘‘Filmac 200"’ Reader 
Printer first. Its low initial cost and low operating cost—plus its fast and simple operation—make 
the microfilm reference system practical and so easy to use 

Call your local dealer or mail the coupon now for complete information. 


z Minnesota Mining and Manuf it 
. Dept. FBN-370, St. Paul 6, Minne 


“PELMAC™ — Please send me nplete 
READER-PRINTERS > 
Reader-Printer 
e 
4 


iiwnesora * : Name 
Miiwine ano - Title 


Co 
ianvracrurine COMPANY —— 


WHERE RESTARCH (5 THE KEY TO TOMORROW 


Address 
Ci y 
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in <n Seal Caster 


«+. designed to the exacting specifica- 
tions of the Bakery Industry Sanitation 
Standards Committee 


Grease sealed throughout 

to protect the swivel and wheel 
bearings from wet floor conditions or 
the effects of steam or hot water 
cleaning. Pressure grease fittings 
prevent entrance of moisture, 
dirt, lint, etc. Long wearing 
“neoprene” wheel resists oil, 
grease, and fatty acids. Easy to 
clean, with wide wheel clearances. 
Designed for 200# (per caster) 
load area. Top plate is standard 
4" x 4” with 3” x 3” hole spacing. 


Sales Representatives in Leading 
Cities Throughout the Country Jarvis arvis, inc. 


4 
Sold Through Quality Dealers VD PALMER, MASSACHUSETTS 
in Canada: Jarvis & Jarvis of Canada, 1744 William St., Montreal, Que, 
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MAYLINE 





Your Choice 


“WYasterJest” SERIES | =a of Table 


Unprecedented accuracy and dependability el 

in test gauges developed to meet today’s .- C bi ti | 
y exacting requirements. Each gauge indi- oS ombina ions: 
win-tip pointer encbies . . 2] 
observer to reod “deod- Vidually dead-weight tested! Guaranteed 
on’’ by lining up twin tips accurate within 4 of 1% plus or minus of PLAN FILE WITH HINGED COVER 
like gun sight maximum dial reading over entire range. 
You can choose your drafting table combinations 
when you buy Mayline. Notice how the Mayline 
5-Drawer plan file is used with the May-O-Matic 
table. All May-O-Matic combinations shown in 
folder 5-22. Plan file folder is S-20. Send for both 
today. 











INTIAYW 





Your local dealer can —_- you in planning the 
table combination best suited to your needs. See 
him today! 


—— MAY LINE 


Mirror diel clso insures ace New “Read-easy” dial (patent pending), as 
curate “deod-on" reading. illustrated above, assures reading accuracy 
in keeping with indicating accuracy. Also 
note three advanced means of reading 
available in all ‘‘Master-test’’ gauges 
twin-tip pointer, mirror dial, and “non- 


parallax” dial as shown opposite. 

Sizes 414", 6", 8". All standard pressure MAYLINE C0. IN 
ranges 0-15 psi to 0-30,000 psi, vacuum 
and compound. 607 No. Commerce St. 


Ask for new 20 page bulletin covering all details 
MARSH INSTRUMENT CO., Dept. 39, Skokie, Ml. 


Division of Colorado Oil and Gas Corporation 


Sheboygan, Wisconsin 


“Non-parallax” dial has Marsh Instrument & Valve Co., (Canada) Ltd. 
Plexiglas insert that assures 8407 103rd St., Edmonton, Alberta, Conodo MAY-O-MATIC “‘E” COMBINATION 
otcurote reading even Houston Branch Plant, 1121 Rothwell St. 
when read at angle, Sect. 15, Houston, Texos 











MAYLINE 
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PERSPECTIVES 
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MINIATURE 
ROLLER 
BEARINGS 


For heavy radial loads 
Available in sizes as small as 


0.4724" OD 


Separable raceways for easier assemblies, shielded and unshielded 
types, machined bronze roller cages, and bearings without inner races 
for mounting directly on ground shofts, are some of the many evi 

dences of the sound bearing engineering that went into the design 
of RMB miniature roller bearings 
Especially useful in machines, motors, pumps, etc., where shofts are 
subjected to heavy radial loads, RMB miniature roller bearings are 
available in four types and seven sizes from 0.4724” to 1.0236” OD 
They may be the answer to your design problem. Write for complete 
details 


Write too for a copy of our catalog which describes the complete 
RMB line of over 250 miniature and instrument bearings available 
for prompt delivery. Experimental quantities are available immedi 
ately from stock 


LANDIS & GYR, Inc. 


45 West 45th St. New York 36, N. Y. 
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WANT QUALITY AT SAVINGS ON ORIGINAL EQUIPMENT PUMPS? 


if you manufacture machines that re 
quire pumps, it will pay you to learn how 


Viking specializes in these four types of rotary pumps— VIKI NGS 
ings and assuring top quality 


a Viking rotary pump can save you money 
sizes 1%, 34% G.P.M. and larger to fit your needs 
We have high production runs of interchangeable parts 
just give us the opportunity of figuring with you on your pumping requirements. We 
will combine long experience on thousands of cases with creative engineering ability to 


while adding quality to your equipment IN ES IGA | E 
made with custom design skill, effecting substantial sav 
make our recommendations 





Motor Mounted 
Pumps 











Send Teday fer Catelegs 
BX, Page 3 
and SP-509X 





VIKING PUMP COMPANY 


Cedar Falls, lowe, U.S.A. In Canada. It's “ROTO-KING" 


Pumps 
See Our Catalog in Sweet's Product Design File 
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Appointment: 


Countermeasures 


SANTA BARBARA is Raytheon’s California operation, and is devoted 
to the Engineering, Marketing, and Production of active and passive ECM 
and ECCM equipment for aircraft, missiles, and satellites; infrared systems 
and devices; guidance, mapping, and fire control components. 


Countermeasures appointments range from junior to department manager 
levels. Technical areas are: advanced systems design, microwave components 
design and application, circuit theory applying backward wave oscillators and 
traveling wave tubes. Infrared appointments open in reconnaissance and com- 
munications systems, circuitry and filter theory, components and servo systems. 


Location is excellent. The city of Santa Barbara is a quiet community of 
56,000. It has no smog, no million-car traffic. Nearby mountains and offshore 
islands keep mean temperature 57° — 70° all year. A Spanish setting plays host 
to theatres, museums, universities and a growing electronics center. 


For information on programs coincident with their professional 
interests, engineers and scientists may write: Mr. Donald H. Sweet, 
Manager, Management & Professional Recruiting, Raytheon Com- 
pany, 624 B Worcester Road, Framingham, Massachusetts. 


SANTA BARBARA OPERATION 
EQUIPMENT DIVISION 


EXCELLENCE 
IN ELECTRONICS 





(Advertisement) 


No. 11 of a series 


Eastman 910 Adhesive 
solves another 
production vottleneck 


The Refractories Division of The Car- 
borundum Company, Keasby, New 
Jersey, uses fast-setting Eastman 910 
Adhesive to tack steel facings to hard- 
wood refractory molds. 

By eliminating the need for complex 
clamps, the new technique has simpli- 
fied the assembly of molds having an- 
gled surfaces, speeded production, re- 
duced costs. 

Several drops of the unique adhesive 
are applied to the surface of the wooden 
mold, and the steel face is hand held in 
position for several moments 

Within minutes, the bond is strong 
enough to permit drilling through the 
steel face and the mold preparatory to 
screw fastening. 

Eastman 910 Adhesive is making 
possible faster, more economical as- 
sembly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting is 
important, or where design require- 
ments involve joining small surfaces, 
complex mechanical fasteners or heat- 
sensitive elements 

Eastman 910 Adhesive is used as it 
comes. No mixing, no heating. Simply 
spread the adhesive into a thin film be- 
tween two surfaces. Light manual pres- 
sure triggers setting. With most mate- 
rials, strong bonds are made within 
minutes. 

What production or design problem 
can this unique adhesive solve for you? 


Bonds Almost Instantly 
with Contact Pressure 
Neo Heat... 

No Catalyst. 


For a trial quantity (4-oz.) send five dol- 
lars to Armstrong Cork Co., Industrial 
Adhesives Div., 9103 Irvin Street, Lan- 
caster, Pa., or to Eastman Chemical Prod- 
ucts, Inc., Chemicals Div., Dept. P-3, 
Kingsport, Tenn. (Not for drug use) 

See Sweet's 1960 Prod. Des. File, 7/E 
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REPRINTS 


As long as the supply lasts, readers 
in US and Canada can secure one copy 
of “P” lettered 
charge, by 


reprints without 
using one of the Reader 
Service cards bound inside the back 
cover. Note that the card must be used 


within 60 days of publication date 


7 Steps to Better Oral Reporting. P 42 
4 Types of Vibrators P 37 
Resin-bonded Wood Compos.tions.P 36 
20 Applications for Screw Threads P 35 
Integrally-sealed Ball bearings P 34 
How to Design Against Tampering P 33 
Selecting Change Gears P 32 
Comparing Test Results P 31 
High-temp Spring Materia! P 30 
When Fungi Attack Your Product P 29 
Fluids for Power and Control P 28 
Frequency of Stepped Shafts 27 
Cam Controls Aids Planetary Gear 
Reserve Strength in Metal Parts 
Multi-Variable Experiments 
Engineering-aptitude Tests 
High-temp Reinforced Plastics 
Mechanical Reliability 
Reinforced-plastic Springs 
Latest Trend in Bolt Threads 
Controlling Gear Backlash 


v 
Li 
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o 
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QUANTITY PRICES 
For single shipments 
title to one address on orde! 
panied by remittance, quantity 
will be supplied as long : 
lasts 
Quantity 
25 
50 0.15 
100 Write for quotation 
Make checks payable to PRODUCT 
ENGINEERING, 330 West 42nd St 
New York City 36, NY 


SPECIAL REPORTS 

Here is a list of special reports still 
available. You may obtain any four for 
$1 by writing Reader Dept 
PRODUCT ENGINEERING, 330 W 42 
St, New York 36. Please 


tance with order we pay postags 


Service 


enclose remit 


Selecting Air Compressors R 35 
Wet Slurry Process R 34 
Wet-cell Batteries for Power R 33 
Societies Offering Standards R 32 
Sprayed Reinforced Plastics R 31 
Dimensional Analysis R 


P+) 
Ny w 
o 


Damping Tapes 

Molded Reinforced Plastics 
NOR Block for Logic Circuits 
Design of External Shoe Brakes 
Selecting Electrical Connectors 


oo 


~ 
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Engineering Organization 
The Engineer's Bookshelf 
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loTHANE® 


# POLYURETHANE 
ESTOMER 


WEAR LIKE STEEL... 


PROTECT LIKE RUBBER 


Truly a wonder wheel for all rugged 
industrial applications where high ca 
pacity and floor protection is a “must 

ALaTHANE 


wheels are conservatively rated for 5 


Albion's amazing new 


times the service life of rubber and 
they re extremely resistant to abrasives, 
have load Capacities of steel wheels, 
resist a permanent “set” under static 
loads and are impervious to practic- 
ally all chemicals, solvents, etc 


ALaTHANE wheels 


or complete casters, are immediately 


Better yet 


available from stock in 6" to 12 
wheel diameters with clean, machine- 
faced steel hubs and roller bearings 

So—if you want the quiet resiliency 
and protection of rubber, the capa 
city and lasting durability of steel, 
plus a new wheel economy you'd 


better specify Albion's ALaTHANI 


Remember 
ALaTHANE 
J Yr bOoID tu heels 


and complete 


<< 


; ; 
casiers 


eeeee eee eee eeeeeeeeeeeee 


Write today for your free 
copy of the new ALaTHANE 
wheel and caster folder. 


. 
. 
. 
. 
. 
. 
. 
. 
. 
. 


ALBION 
INDUSTRIES, inc. 


ALBION, MICHIGAN 
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* If a man is making 
decisions .. . if 

you are paying him 

to think for your 
company...heisa 
Very Important Person. 


A man’s ability to grow, his job satisfaction,-his performance for you . . . yes, your company’s 
future earnings . . . are all intimately related to the amount of practical, profitable information 
he is continuously absorbing, and putting to use in his daily job. Today, demands are such that a 
successful man must be better informed than ever before . . . and successful 
men make successful companies. This is why the McGraw-Hill V | P Program 


of “engineered” business reading will give you so much personal satisfaction _ = 
, McGRAW-HILL VIP"PROGRAM 
in your plans to move your company forward. If you are concerned with man- ~ 


power development, you will want to read this new booklet, learn from other Py 


leaders now using this program. Write for your personal copy. .. . 


THE meoraw-nitt V LP PROGRAM 


Product Engineering, 330 W. 42nd St. New York 36, N. Y. 
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INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 





Adhesives 


Bars 
Metal 18-19 
Bearings 
Ball 13, 93 
Miniature 13, 67, 93 
Oilless 3rd Cover 
Roller , 13 
Sleeve 3rd Cover, 73 
Books 99 
Bushings 73 


Carbide Alloys 
Casters 
Connectors 
Hose 
Tube 
Controls 
Electrical 
Hydraulic 
Mechanical 
Pneumatic 
Couplings 
Mechanical 
Cylinders 
Hydraulic 
Pneumatic 


Decaicomanias 
Diaphragms 
Drafting 
Supplies 
Drives 
Hydraulic 
Timing 
Variable Speed 


Electrochemical Finishes & Treat 
ments 

Enclosures 

Expanded Metals 

Extrusions 
Nonmetallic 


F 


Fabricated Plastics (see Plastics, 
Fabricated) 

Fastening Methods 

Film, Plastic 

Fittings, Hose, Pipe & Tube 

Fioats 

Furniture, Engrg. Dept 


4th Cover, 


G 
Gaskets 
Gear Motors (see also Motor 
Reducers) 
Gears 74, 76, 79, 


Heating Units 


instruments 
Mechanical . 32, 97 
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MORE DETAILED INFORMATION 
the READER SERVICHR CARD 


Joints 
Universal 


L 


Lubricating Equipment 


M 


Metal Forming 
Moldings 
Plastics (see Plastic Parts) 
Powdered Meta! (see Powdered 
Metal Parts) 
Rubber (see Rubber Parts) 


N 


Packings 


Pins 
Piastic Parts 2, 


Plastics 82- 


Plastics Fabricated 
Powdered Metal Parts 
Pumps 

Liquid 


3rd Cover, 


Reguaahere 

neumatic 

Relays 

Reproduction Equipment 
Reproduction Supplies 
Resins 

Rubber 

Rubber Parts 


Screws 
Seals 
Spacers 
Speed increasers & Reducers 
Steel 
Alloy 
Stainiess 
Switches 


Tables, Diai.Feed 
Thermostats 
Titanium 
Tubing 
Fiexible Metal 
Seamless 
Tungsten Carbide 


Vaives 
Air 2nd Cover, 
Control 
Hydraulic 62, 
Solenoid 2nd Cover, 


Washers 
Wheels 
Wiring Devices 





ALL-POSITION 


CHECK VALVE 


For steam, hot 
or cold water, 
oil, gas and 
compounds. 


Designed for rugged service. Also 

available with Buna rubber poppet for 

use with air or cold water. Sensitive in 

operation. Work in any position. Made 

in seven sizes, 200 lbs. pressure. We 
will design special Check 
Valves; tell us your 
needs. Write for Bulle- 
tin 201 and prices 


Order from your jobber 


STRATAFLO PRODUCTS, INC. 


FORT WAYNE INDIANA 
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CATALOG 
#21 


Lists over 12,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK! 


GEARS * SHAFTS* COLLARS« CLUTCHES + 
BEARINGS * COUPLINGS « DIFFERENTIALS 
* SPEED REDUCERS and many other Pre- 
cision Engineered Parts 


& Components. oy 


PIC DESIGN CORP. 


Subsidiory ot BENRUS WATCH COMPANY, Inc. 


Send For Your 
Copy Today. 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all 


NATIONAL 





Positions Vacant 
Positions Wanted 
Part Time Work 


DISPLAYED 


management, technical, selling, office, skilled, manual, ete. 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 


——RATES—— 


Employment Agencies 
Employment Services 
labor Bureaus 


UNDISPLAYED 


COVERAGE The advertising rate is $37.00 per inch for all advertising ap $2.10 per line, minimum & lines 
pearing om other than a contract basis. Frequency rates To figure advance payment count 5 average words as « line. 


quoted on request 


columns—30 inches to a page. 
Subject to Agency Commission 


foarte Wanted ads are % of above rate 

An advertising inch is measured %” vertical: coltumn— ox Numbers—counts 

if %” ¥ vee : Discount of 10% ir full payment is made in advance for 4 con 
secutive insertions. 

Not subject to Agency Commission. 


as | line 


Send NEW ADS to Classified Advertising Div. of PRODUCT ENGINEERING, P. O. Box 12, N. Y. 36, N. Y. 





SCIENTISTS ..... ENGINEERS 
stretch your imagination 


.at Beckman Instruments, last refuge of the Non-Organization Man. 
Here’s a company that is concerned with the man, his mind and his 
original contributions. 


Commercial, industrial and military projects tickle the fancy of uncon- 
strained intellects at these Beckman Divisions: 


Scientific and Process Instruments Division 


Beckman: / Systems Division 
Helipot Division 


Don’t get crushed in the Organization Mill...look into these imagi- 
nation stretching positions... 


ENGINEERS/SCIENTISTS ... 


at all levels in the fields of precision electronic components and ana- 
lytical instrumentation for engineers and scientists with degrees in 
engineering or physical science. Some of our specific needs include 
project engineers, senior scientists or engineers, product engineers 
and senior electronic engineers. We also have openings for exceptional 
recent graduates. 

And you can stretch your legs in Orange County, too, where you and 
your family will enjoy Southern California living at its barbecuing 
best. 

Overcome your owr organizational inertia...phone, wire or write 
Mr. T. P. Williams for all the parameters. 

Beckman Instruments, Inc. Fullerton, California B.1.1. 
Telephone TRojan 1-4848; from Los Angeles OWen 7-1771, © 1960 














AN OPPORTUNITY R AWBRADUATE ENGINEER 
IENCE IN DESIGN 


CIAL MACHINES 


PERSONNEL DEPARTMENT 


PARKE, DAVIS & COMPANY 
Detroit 32, Michigan 























MECHANICAL 
DESIGN ENGINEERS 


Earthmoving experience, with success- 
ful record in design ond development 
of heavy hani 

crawler tractors, bulidesere, winches 
and tractor attachments 

Work includes layout and design of 
heavy machinery for construction and 
mining. 





Permanent position open, for those 
qualified, with one of the nation’s 
fastest growing heavy machinery 
manufacturers. 

Location—Salt Loke City, Utah—in 
the mountain West, where you can 
breathe clean air, and drive from 
home to work in less than 20 minutes 

Send Complete information and 
photograph to Dept. SXB 


THE EIMCO CORPORATION 
P. O. Box 300, Salt Lake City 10, Utah 





MECHANICAL ENGINEERS 


Create for Tomorrow 


Mechanical engineers needed for design of process 
equipment. Creative men with ME degrees and 
0 to 5 years’ experience can grow in permanent 
positions with 75-year-young growth company offer. 
ing group incentive, tep medical coverage, non- 
eontributory pensions. Send resume, giving salary 
requirements, to R. DO. MeVay, industrial Rela- 
tions, Box A-WN, 


The PFAUDLER CO. 


oe division of Pfaudler Permutit Inc 


ROCHESTER 3, NEW YORK 











What is your problem? 


Competent men for your staff? . . 
for—or offering—a business opportunity of special interest to readers of this 
publication? You can get their attention—at small cost—through an adver- 
tisement in the Employment Section of Propucr ENcINgERING. 


. employment? ... or are you looking 


PROFESSIONAL SERVICE 











RELIABILITY EVALUATION 
AND IMPROVEMENT 


« Practical applications of advanced techniques tn 
Statistical Senet for Engineering, Research and 


a ~ & STRONG, INC. 


140 Federal $t., Besten 10, Mass. 
Liberty 2-6658 
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Extreme sensitivity is an outstanding control char- 
acteristic of the Fenwal Thermoswitch Unit. Its outer 
shell is the heat-sensitive element . strut-and-shell 
assembly responds almost instantly to a change in 
temperature. Contacts are totally enclosed and pro- 
tected. There’s no thermal lag in the unit. Control is 
positive and precise 

fe Thermoswitch Units are easily adjusted, and cover 
Just 0.1 KF Change the range from 100 to +1500°F. They’re available 
‘ as miniature, surface-mounted, or immersion types, 
Gets Fast Action ‘? with special variations to resist corrosion, extreme vi- 
: bration, and shock. Current ratings up to 10A- 
115VAC. Whichever unit you choose will be rugged 
from a Fenwal and compact simple, reliable, and inexpensive 
Build better temperature control into your products 


THERMOS WITCH” Unit with 


booklet, write Fenwal Incorporated, 22 Pleasant 


Fenwal Thermoswitch Units. For illustrated 


Street, Ashland, Massachusetts. 


Series 17000 
THERMOSWITCH Unit 


Another 


example of how CONTROLS TEMPERATURE... PRECISELY 


100 CIRCLE 100 ON READER SERVICE CARD PRODUCT ENGINEERING - MARCH 7, 1960 





Get 
Complete 
information 
Promptly... 
Use These 
Convenient, 


Time-Saving 
Cards 


Product 
Engineering 








A 
a 


b 








BUSINESS REPLY MAIL 


Stamp Necessary Moile J 





Stotes 








PRODUCT ENGINEERING 
330 WEST 42nd STREET 


NEW YORK 36, N. Y 


Product 
Engineering 


< 
x 
Fo x 
x _ 
~ r 
, 








x 
a 
Ss) 


& 








| _—s BUSINESS REPLY MAIL 








PRODUCT ENGINEERING 
330 WEST 42nd STREET 


NEW YORK 36, N. Y 


< x 
-_ 

a ¥ 

- A 








USE THESE CONVENIENT CARDS FOR A 


EDITORIAL REPRINTS AVAILABLE P31—3 SHORTCUTS FOR COMPARING 


(Single reprint free — quantity prices on page 95 TEST RESULTS—2/15/60 


P19—-LATEST TREND IN BOLT THREADS P25—RESERVE STRENGTH IN METAL P32—5 WAYS TO SELECT CHARGE 
—11/9 PARTS—12/21 GEARS—-2/15/60 

P20—REINFORCED PLASTIC SPRINGS P26—CAM CONTROL AIDS 
—11/9 PLANETARY GEAR—1/4/60 

P21—MECHANICAL RELIABILITY 


P33—HOW TO DESIGN AGAINST 
TAMPERING—2/22/60 
P27—STEP SHAFTS—1 /11/60 
11/16 P34—INTEGRALLY-SEALED BALL 
P22—HIGH-TEMPERATURE REIN P28—FLUIDS FOR POWER & CONTROL BEARINGS—2/29 
FORCED PLASTICS—11/23 — 18/60 
P23—ENGINEERING APTITUDE P29--WHEN FUNGI ATTACK YOUR 
TESTS—11/30 PRODUCT—1 18/60 


P35—20 APPLICATIONS FOR SCREW 
THREADS —2/29 


P24—MULTI-VARIABLE EXPERIMENTS P30—BEST SPRING MATERIAL FOR °36—RESIN-BONDED WOOD 
SIMPLIFIED—12/21 HIGH TEMPERATURE—1/18/60 COMPOSITIONS—2/29 


P37—FOUR TYPES OF VIBRATORS—3/7 
Please ¢ 
P42—7 STEPS TO BETTER ORAL 
REPORTING 


Name 
Company 
Street 


NEW CATALOGS 
261 301 316 33 361 376 AND BULLETINS 


347 362 377 
348 363 378 GENERAL ENGINEERING 
349 364 379 
350 365 380 g P pull Tester, 2 py Testiz 
351 366 36) - 
352 367 382 . 
353 368 383 
354 369 384 NON-METALLIC MATERIALS, FINISHES 
355 370 385 
356 371 386 ‘ \ Paper Insulation, 8 pp, Mica 
357 372 387 at liv, Minnesota Mining 
358 373 368 
3 359 374 389 
330 360 375 390 





244i i624 
243 263 
244 264 
245 265 
246 266 
247 267 
248 268 
249 269 
250 270 
251 271 
252 272 
253 273 
254 274 
255 275 
256 276 
57 277 2 
258 278 “MULTIPLE PRODUCT ADS 

279 Key No Specific Product 


CONG GARONR 


" 


YCwuUvuweeeuevuvwvev wo 
o = _—_ cooocooos 


ws 
Ua ww 





ne. ee. ee 
“> ~ Cc 


o @ 


FABRICATION PROCESSES AND 
PRODUCTION 











DON’T BE LOW MAN ON THE ROUTING LIST! 


Have your own personal subscription to PRODUCT ENGINEERING sent each week 
to your office or home. You are then sure that you won't miss a single weekly issue 
Further, each year of your subscription you will have your copy of the annual 
thick Design Digest issue to read and refer to for years to come 
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Which bearing for you? Which of 25 grades of sintered 
bronze or iron? How much oil content? What special prop- 
erties? We can select and promptly deliver the one type of 


bearing that’s exactly right for your application. 


BOUND BROOK 


Bound Brook Oil-les Bound Brool 
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Using Fastex Plasti-Grommets to mount license plates dem- 
onstrates their use in blind applications, just one of their 
unique solutions to fastening problems. They are also ideal 
for any application requiring rugged fastening strength, 
electrical or thermal insulation, corrosion-resistance and 
ease of assembly. They snap into place easily and lock 
tight when the screw is driven. 

Fastex Plasti-Grommets have been specified by leading 
manufacturers for years. Typical of the many mass- 
production industries they serve are television, where they 
are used as electrical insulation fasteners, and in manu- 
facturing refrigerators where they serve as thermal insula- 
tion spacers. 


SEND FOR NEW CATALOG 
FEATURING STANDARD 
PLASTI-GROMMETS! 


Fastex Standard Plasti-Grommets can 
mean big cost-savings! This new catalog 
contains handy ordering information and 
idea-suggesting case studies. See where 
Plasti-Grommets can cut your costs! 


A DIVISION OF ILLINOIS TOOL WORKS 
195 Aigonquin Road, Des Plaines, Illinois 
in Canada: SHAKEPROOF/FASTEX 
Division of Canada lilinois Tools Ltd., Don Mills, Ontario 








